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VOLUME IV. 


Vl THE GEOLOGY OF MINNESOTA. 


LETTER OF N. H. WINCHELL, STATE GEOLOGIST. 


UNIVERSITY OF MINNESOTA, 


MINNEAPOLIS, December 31, 1898. 


Tlon. J. S. Pillsbury, President of the Board of Regents: 

My Drar Sir: I have the honor to tender herewith for publication the fourth 
volume of the final report on the (reological and Natural History Su rvey of the state. 
In pursuance of the plan adopted when the survey was begun, this volume covers 
the areal geology of the northern one-third portion, thus completing the survey on 
the plan pursued. The final report is to embrace one more volume and an atlas. 

Permit me to thank you for your continued interest in the survey, and for 
humerous courtesies received in the course of its prosecution, 

Respectfully submitted, 
N.H. Wincnen, 


State Geologist. 


LETTER OF J. S. PILLSBURY, PRESIDENT OF THE BOARD 
OF REGENTS, 


UNiveRsITY OF MINNESOTA, 


MINNEAPOLIS, Miny., January 2, 1899, 
Prof. N. H.W (nchell, City: 


My Dear Sir: In acknowledging receipt of your favor, tendering for publica- 


tion the fourth volume of the final report of the geological survey, completing the 


areal geology of the state, I wish to express the thanks of the regents, and of the 


people of the state, for the persistence and thoroughness with which you have carried 


e Y . ° e e ° - 
on this survey. For its unity of plan and administration, as well as for it 
and its final success, there has been no state survey like it. 

| 


s difficulties 


shall use my best endeavor to have this volume published promptly. 
Very respectfully, 
Joun S, PILLSBURY, 
ard of Regents of the University of Minnesota. 


President of the Bo 


5S 


* LARK OF THK wooDs 94° 
LARK Y woo 


—— SUE ee, TS eet 


Hany ter, 


ww! Ny 


Red Lake  Yand AP Peminn = ate ' 
; MTX 
__ Indian es¢rvation i a \ 

{| BE LTRAMI betetehi TX 

; | ss - . : 
| ty) oe 4 ; bf ~ Hunters 
} > ree Ph, ee es es fe % ar ehlsland 
—t | "Nh < pAKE Ba ai Re d Gale pS eave nF : 


1% 
5 6 
d at 4 2 
powstrive YS. 
LAK ee ak i, 
, » j 5! . 
' WP hacrese he ‘ 4 s 
AKI ts .? 
; ’ Q 
a XO M0! XL XL XE KON Momo nv oie t=) age Ee hs J yr 
Oe et ig pa a en 2 MOUTON cy ANDY TA igtY xotim yu] oo x mK vin 0 
SepecN fee BS Thahan Reservation . ‘ r wt pap Sam 
Me Tidian ikese 4 a’ . : 


mf sh <= + 
ef 9 rey 


a ; Bee ab t ali 
trl se OL Lt 
nah Oo Ri TA PL “IY 


Lif ’ . a 


GhOLOGIOAL, 


e AND 
Ys NATURAL HISTORY SURVEY 


MINNESOTA: 


N HW WINGHELIL. STATE GEOLOGIST 


Soale t2inidles te an treads 


Any OTHE 


Stillwater 


‘3. ‘ge 
DAKOTA ee 
‘ . ‘ h Red i 


f EI way 
eae yl 
“yf PA 4 ; { 


L © 


me 


eterno GEOLOGIGAL PLATES 


458 
45 


THE GEOLOGICAL AND NATURAL HISTORY SURVEY OF MINNESOTA. 


N. H. WINCHELL, STATE GEOLOGIST. 


1S96—1898. 


THE 


GEHOLOGY OF MINN ESOTA. 


VOL. IV OF THR KFINAL REPORT. 


By N. H. WINCHELL,. 


AssIsTED By ULYSSES §. GRANT, JAMES R. TODD, WARREN UPHAM 
AND HORACE V. WINCHELL. 


SUBMITTED JANUARY 1, 1899, AND pUBLISHED UNDER DIRECTION OF THE 
Boarp or -REGENTS or THE UNIvVErsIryY. 


ILLUSTRATED BY THIRTY-ONE COLORED GEOLOGICAL PLATES 


FORTY-EIGHT PLATES OF PHOTOGRAPHIC VIEWS 


AND 114 FIGURES. 


ST. PAUL, MINN. 
THE PIONEER PRESS CO., PRINTERS. 
1899, 


e 
. ee ,2% ® e 
e e e 
ee ee ° 
ee ®.e eee 0 Ld 
eee @ © Oo ee ae _ 
. oe eo “ee e see 
dae ees 
eo @ - 
‘ r ‘ eee 8 @ e 
e 
. Se oo ¢ @ e 
m Pa oe ee e080 e 
e e ee? i ge 3 ° 
ae as e 7 eee e td @ 
o*%e 
eee . 7 e%e * 
e e 
e ee e e : 
. e e e ss , 
e e 
eee 200 008 * e° 


Entered according t ; : j 
ve o A ee Congress in the office of the Librarian of Congress, at Wa: hingt 
re year LS) : . | = 
y by the Board of Regents of the University of Minaueath _ 
on behalf of the people of Minnesota 


TABLE OF CONTENTS. 


Letter of transmittal by the STATE GEOLOGIST. 
Letter of PRESIDENT JOHN s. PILLSBURY, of the Board of Regents. 


PREFACE. 
CHAPTER I. 


The Geology of Carlton county. By N. H. WincHE Lt, 
CHAPTER II. 


The Geology of Aitkin county. By Warren UpHam, 
CHAPTER III. 


- - 


The Geology of Cass county and of the part of Crow Wing county northwest of the Mississippi 


- - - 


river, By Warren UpHam, - 


CHAPTER IV. 
By James E, Topp, 


The Geology of Hubbard county and northwestern portion of Cass county. 
CHAPTER V. 


The Geology of Norman and Polk counties. By James E. Topp, - 


CHAPTER VI. 


of Marshall, Roseau and Kittson counties. By James E. Topp, 


CHAPTER VII. 


The Geology 


The Geology of Beltrami county. By James E. Topp, - 


CHAPTER VIII. 


By Utysses S. Grant, 


CHAPTER IX. 
By N. H. WINCHELL, - 


The Geology of Itasca county. 


of the southern portion of St. Louis county. 


CHAPTER X. 
By N. H. WINCHELL, 


The Geology 


The Geology of the northern part of St. Louis county. 


CHAPTER XI. 


By N. H. WINCHELL  - 
CHAPTER XII. 


The Geology of Lake county. 


of Cook county. By Utysses 8. Grant, 


CHAPTER XIII. 


The Geology 


The Geology of the Pokegama Lake plate. By Uxysses S. Grant, 
CHAPTER XIV. 


The Geology of the Grand Rapids plate. By Uxysses S. Grant, 


99 to a4 


ao») to 81 
82 to 97 
98 to 116 
117 to 130 
131 to 165 
166 to 211 


212 to 221 


266 to 312 


313 to 345 


346 to 349 


300 to 354 


TABLE OF CONTENTS. 


- CHAPTER XV. 


The Geology of the Swan Lake plate. By Uxysses S. Grant, - - 


CHAPTER XVI. 


The Geology of the Hibbing plate of the Mesabi Iron range. By N. H. WINCHELL, — - 


CHAPTER XVII. 


The Geology of the Mountain Iron plate of the Mesabi Iron range. By N, H. WINCHELL, 


CHAPTER AVIII. 


The Geology of the Virginia plate of the Mesabi Jron range. By N. H. WiINCHELL, — - 


CHAPTER XIX. 


The Geology of the Partridge River plate of the Mesabi Iron range. By N. H. WINCHELL, 


Fd 


CHAPTER XX. 


The Geology of the Dunka River plate of the Mesahbi Iron range. By N. H. WIncCHELL, 


CHAPTER XXI. 


The Geology of the Gabbro Lake plate. By ULyssks S. Grant, . - - 


CHAPTER ANIL. 


The Geology of the Snowbank Lake plate. By Urtysses S. Grant, 


CHAPTER AAXITII. 


The Geology of the Fraser Lake plate. By Utyssts S. Grant, 


CHAPTER XAIY. 


The Geology of the Akeley Lake plate. By Uvysses 8S. Grant, - - 


CHAPTER XAY. 


The Geology of the Gunflint Lake plate. By Utyssts S. Grant, — - - - 


CHAPTER XXVI. 
The Geology of the Rove Lake plate. By Utyssrs S. Grant, 
CHAPTER XXVIII. 


The Geology of the Mountain Lake plate. By Utysses S. Grant, - 


CHAPTER XXVIII. 


The Geology of the Pigeon Point plate. By N. H. WINcHELL, - 


CHAPTER AXNIX, 


The Geology of the Vermilion Lake plate. By N. H. WINcHELL, - z 


CHAPTER XXX. 


The Geology of the Carlton plate. By N. H. WincHELt, 
CHAPTER XXNI. 


The Geology of the Duluth plate. By N. H. WIincHELt, - - 


CHAPTER XXXII. 


Minnesota Iron mining, economically and statistically considered. By 


- - - 


Index - 


Horace V. WINCHELL, 


355 to 357 


358 to 364 


369 to 369 


370 to 382 


383 to 389 


390 to 308 


309 to 419 


420 to 433 


434 to 461 


462 to 480 


481 to 490 


491 to 495 


496 to 301 


D02 to 021 


522 to 549 


530 to 065 


966 to 580 


581 to 613 
614 to 629 


LIST OF PLATES AND THEIR ORDER. 


- Frontispiece. 


Key to the geological plates. - - . - - 
Plate 56. Carlton county. d : : : 2 2 Bs ; : To face page 1. 
Plate 57. Aitkin county. - - - : ; . - : . - To face page 24. 
: : : : ; é : - To face page 54. 
- To face page 82. 


Plate 58. Cass county. - 
7 Plate 59. Hubbard county. - - - - - - - - - 
Plate 62. Polk and Norman counties. - . : : - - To fold between pages 98and 99. 
Plate 63. Kittson, Roseau and Marshall counties. - . - To fold between pages 116 and 117. 
Plate 64. Beltrami county. - - - - - - - To fold between pages 130 and 131. 
Plate 65. Itasca county. - - - - - . - To fold between pages 166 and 167. 
Plate 66. Southern part of St. Louis county. - - . - - - - To face page 212. 
Plate 67. Northern part of St. Louis county. - - - - To fold between pages 222 and 223. 
Plate 68. Lake county. - - - : - - - - - To face page 266. 
2 - To fold between pages 312 and 313. 


Plate 69. Cook county. - - ‘ : : 
Pokegama lake, of the Mesabi Iron range. - - - - - To face page 346. 
- - To face page 350. 


Plate 70. 
Plate 71. Grand Rapids plate, of the Mesabi Iron range. - - - 
Plate 72. Swan Lake plate, of the Mesabi Iron range. - - To face page 354. 
Plate 73. Hibbing plate, of the Mesabi Iron range. - - - - - To face page 358. 
Plate 74. Mountain Iron plate, of the Mesabi Iron range. - - - - - To face page 365. 
Plate 75. Virginia plate, of the Mesabi Iron range. - - - - . = - To face page 370. 
Plate 76. Partridge River plate, of the Mesabi Iron range. - - - - To face page 383. 
Plate 77, Dunka River plate, of the Mesabi Iron range. - - - : ; - To face page 390, 
: : : e . To face page 399. 


Gabbro Lake plate, of the Mesahi Iron range. 
To face page 420. 


Plate 78.. 

Plate 79. Snowbank Lake plate, of the Mesabi Iron range. - 

Plate 80. Fraser Lake plate, of the Mesabi Iron range. - - - - - To face page 434. | 

Plate 81. Akeley Lake plate, of the Mesabi Iron range. - - - - - - To face page 462. | 

Plate 82. Gunflint Lake plate, of the Mesabi Iron range. - - - - - To face page 480. | 
‘: : : . - To face page 490. 


Plate 83, Rove Lake plate: - - - 7 - - 
Plate 84. Mountain Lake plate. - _ - . - - - . - To face page 496. 
Plate 85. Pigeon Point plate. - : . - - - - - To face page 502. 
Plate 86. Vermilion Lake plate. . . - - - - - - To face page 522. 
Plate 87, Carlton plate. d : 3 : : . . - To face page 550. 
Plate 88. Duluth plate. - - : : - : - . - - To face page 566. 

. - - - To face page 10. 


Plate A. Dalles of the St. Louis river. - - - : 
Plate B. Superposition of the Puckwunge conglomerate on the Thomson slates. - To face page 14, 
Plate C. Limy concretions and Roches moutonnées, Carlton. - - - : - To face page 18. 
Plate D. Forests of Hubbard county. - - - : ‘ ; : To face page 92. 
Plate E. Views at Itasca and Marquette lakes. 2 - - : - To face page 96. 
Plate F. Morainic topography, Polk county, - - - - . : To face page 104. 
Plate G. Glacial drainage and laminated clay, Polk county. — - : . : - ‘To face page 104. 
Plate H. Clay slides, Red Lake falls. - - - - : : : ; To face page 106. 
Plate I. Submerged moraine and old beaches. - - : : : - To face page 110. 
Plate J. Cross-ridges on the lake beaches and view from Elk lake. - - To face page 124, 
Plate K. Views of Nicollet creek and Elk lake. - - - ; : : - To face page 136. 
Plate L. Views at Turtle lake and lake Julia. - - - - ; : To face page 132, 

a be : : : - To face page 132, 


To face page 192. 
To face page 194. 


Plate M. Turtle creek and terraces at Mill creek, 


Plate N. 
Plate O. 


Geological map of the Rainy Lake gold region. 
First stamp mill at Rainy lake and Koochiching falls. 


Xl LIST OF PLATES AND THEIR ORDER. 


Plate P. Gabbro and sea cliff at Duluth. - 
Plate Q. High beaches at Duluth. - - 
Plate R. Muskeg scene and Long lake, 
Plate S. Outlet of Vermilion lake. - 
Plate T. Curtain falls and falls in Vermilion river. 
Plate U. Burntside lake and agylomerate at Ely 
Plate V. Agglomerate at Ely and conglomerate at Long lake. 
Plate W. Angular masses of granitic rock in greenstone near Fly. 


- 


Plate X. Conglomeratic jaspilyte, Moose lake. 
Plate Y. Crumpled and basaltic structures in gray wacke. 
Plate Z. Detached masses of quartz-porphyry in greenstone. 
Plate AA. Quartz vein in greenstone and Northeast cape. 
Plate BB. Falls and rapids over greenstone, Kawishiwi river. 
Plate CC. Anorthosyte masses in diabase. 
Plate DD. Quartz-porphyry in gabbro, and natural archway. 
Plate EE. Cathedral bay, Encampment I. rapids on the Kawishiwi river. 


- = 


- 


Plate FF. The shore line of lake Superior. — - 
Plate GG. The shore line of lake Superior. - 
Plate HH. Carlton peak, Cascade River falls, Grand Marais bay. 


Plate II. Beaches at Brulé and Redrock rivers. - 
Plate JJ. High beaches, Wauswaugoning bay and Poplar river. 

Plate KK. Views at Grand Marais and Kekequabic lake. - 

Plate LL. Sketch map of Kekequabic lake and vicinity. — - 

Plate MM. Views on the International boundary and of lavered gabbro. 
Plate NN. Monoclinal hills, International boundary. 
Plate OO. Canoe scenes and rocking stones: Grand Portave dock. 


- 


- 


Plate PP. Pigeon, Saganaga and Partridve falls. 

Plate QQ. Bashitanequeb and Vermilion lakes. - - 
Plate RR. Lacustrine clay beach and jaspilyte “dike.” 
Plate SS. Stuntz conglomerate, and dikes cutting it. — - 
Plate TT. Pike River falls and boulder split by frost. 

Plate UU. Slab of Stuntz conglomerate and boulder at Ely. 
Plate VV. Field laboratory and tield outfit. - - 
Plate WW. Original and “secondary” Jaspilyte, Tower. 
Plate XX. Folds in the Thomson slates and red sandstone and canglomerate, St. 
Plate YY. Effect of shearing pressure in the Thomson slates. 
Plate ZZ. Shearing in the Thomson slates (sketches). 
Plate AAA. Stock pile and ore docks. - 
Plate BBB. Steam shovel and open mine scene. - 
Plate CCC. The iron ranges and shipping routes. 
Plate DDD. Loading at Ely and locomotive of the ore trains. 


Louis valley. 


To face page 218. 
To face page 218. 
To face page 224. 
To face page 226, 
To face page 226. 
To face page 246, 
To face page 254. 
To face page 258. 
To fave paze 278. 
To face page 280. 
To face page 276. 
To fave page 286. 
To face page 276, 
To face page 3038. 
To face page 304. 
To face page 268. 
To face page 214. 
To face page 214. 
To face page 314. 
To face page 316. 
To face page 338. 
To face page 332. 
To face page 438 
To face page 400. 
To face page 482. 
To face pagre 502, 
To face page 414. 
To face page 522. 
To face page 522. 
To fave page 524. 
To face pave 524. 
To face page 530. 
To face pave 164. 
To face page 524. 
To face page 554. 
To face page 558. 
To face pave 560. 
To face page D8. 
To face page 588. 
To face page 600. 
To face page 598. 


PREFACE. 


According to the plan pursued from the commencement of the survey, the state 
has been examined progressively, and the counties mapped and described from south 
to north. This volume covers the area of about the northern one-third part of the 
state. By the key-plate, which is the frontispiece, the reader will observe the loca- 
tion of the different areas or counties to which the special chapters are devoted. 
This volume has to do very largely with the area of the crystalline rocks, ¢. ¢., 
In the north central and northwestern portions 


with the Taconic and the Archean. 
of the state, however, the drift monopolizes attention, since the underlying rocks 


The questions that are discussed and the conclusions that are 


are nearly unknown. 
expressed in this volume respecting the indurated rocks are based largely on details 


that are to be included in volume vy. In that volume will be found also a summary 
statement of the systematic geology of these ancient rocks as it has been worked out 


by the examinations carried on by the Minnesota survey. 

This volume, therefore, completes the areal geology of the state. By that it is 
not intended to convey the idea that the geology of the state is completed. The 
parties of the survey have, however, gone over the whole state, and have noted the 
geological boundaries, and have herewith expressed what seemed to them, from their 


often cursory review, the structural relations which the rocks and the drift features 
present to the geological observer. There remains, however, much to be done-- 
indeed, more than has already been done-—-to warrant the statement that the geology 
of the state is even satisfactorily worked out. Considering the time devoted to the 


northern part of the state, the available means and the smallness of the number of 
men that have been employed, and the size and difficulties of the region, the results 
may be considered satisfactory. The subjects are far-reaching, complex and numer- 
ous. It is therefore more in the sense that this form of publication of the results of 


the survey is now extended so as to include the whole state's area in its scope, that 


While some of the geological questions that this field 


the survey is completed. 
examination has started are to have further discussion in volume v, there are many 


that cannot be considered. This is owing to the exigency of the demand to “complete” 


the survey according to the geographical plan of progress which has been followed. 
The reader, therefore, will not be surprised to find frequent statements that, in 


this direction or in that line of examination, it is impossible to give final statements. 
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The results are frequently tentative or only apparent, and, while our descriptions, 
so far as they go, may be taken as expressions of fact, and our interpretations as in 
harmony with the facts in our possession, there may be other important facts which, 
not included in our field of observation, will in the future place different interpreta- 
tions on those which we have attempted to group systematically under certain broad 


principles. 
There having been a great and a difficult area to be examined, and several 


geologists to put interpretations on a lot of new facts, the reader will not be surprised, 


again, to learn that the observers do not always agree as to the manner of inter- 


pretation of the structural facts that they have observed. This remark is true, not 


only of those who have studied the drift of the central and northern part of the area 
here mapped, but especially of some of the multifarious questions that pertain to the 


Every geologist, however, has been allowed perfect freedom in the 


oldest rocks. 
In this stage 


expression of his views, and is to be held responsible only for his own. 
of investigation, the geology of the state would not be furthered by dogmatism, nor 


by authoritative restrictions on the assistants. However true that is of certain fields 


of geology in which the stratigraphy and many of its attendant problems of organic 
and physical evolution have been solved, and only need to be extended over some 


new areas, it is manifestly and emphatically true of any area involving the crystalline 


rocks of the bottom of the geological series. Here the geologist is deprived of his 


usual guides and guys, and finds himself floundering in a muddy sea of innumerable 
conflicting currents. Everyone has to depend chiefly upon himself, for there 1s 
scarcely a common current in which he can float easily and safely. He can simply 
look out for himself, under the guidance of the facts of his own field of vision. 


It is only recently that the Archean has been subjected to any classification in 


advance of the old duality of Huronian-Laurentian, The results given in this volume, 


therefore, so far as they appertain to the Archean, have been wrought out almost 
entirely in a new field, from a set of new facts, which in their variety and number 


probably exceed those ever before assembled under a single classification. 
The Archean, The following brief outline will aid the reader to apprehend 


the relations and the significance of the various facts given in detail in the body of 


It begins with the bottom of the geological scale. 


the volume. 
This is divisible into Lower and Upper, separated by a 


1. The Keewatin. 
conglomerate at the base of the Upper. 
The Lower Keewatin contains two parts, both consisting of greenstone. The 


lower part is considered the oldest rock in the state. It is mainly an igneous rock, 


a massive greenstone, and is supposed to represent the cooled original crust of the 
earth. The other part is fragmental and chemical, and embraces the jaspilytes and 
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iron ores of the Vermilion range. The upper portion of the Lower Keewatin is 


frequently agglomeratic, and occasionally a greenstone conglomerate separates it 
In the midst of the upper portion of the Lower 


from the massive lower portion. 
Keewatin appears a vast mass of quartz-porphyry. On theoretical grounds, this is 


tentatively supposed to represent an alkaline mud produced by precipitation from 


the Archean ocean, the porphyritic crystals of quartz and orthoclase having been 
The jaspilytes sometimes embracing 


formed from supersaturation in a hot solution. 
iron ore, are a product of similar precipitation. This quartz-porphyry is the earliest 
appearance of acid rock. It is not known to cut the bottom greenstones, but it is 
abundantly distributed as debris in the upper part of the Lower Keewatin. All later 
quartz-porphyries, appearing as dikes in the Upper Keewatin, are supposed to be 


offshoots from this old mass, either by infolding and dike-like protrusions, or from 


plastic conditions brought about by regional metamorphism. 


The Upper Keewatin has as its base the Ogishke conglomerate, which is the 
Above this 


eastern representative of the Stuntz conglomerate of Vermilion lake. 
The Upper 


conglomerate are graywackes, argillytes and (in one instance) jaspilyte. 
Keewatin is compactly folded in with the Lower Keewatin, and in many instances 


the two series stand vertical alongside of each other; indeed, in nearly all parts of 
The basal con- 


the state, where known, these rocks are found standing on edge. 
glomerate of the Upper Keewatin is sometimes so destitute of acid elements that it 
appears like the upper part of the Lower Keewatin, especially wherever a fine debris 
from an older greenstone was abundant. Inthe same way, whenever it lies on granite, 
its lowest portions are difficult to distinguish from the granite. 
The source of the green element of the fragmental greenstones, both of the 
_ Lower and of the Upper Keewatin, was also largely from Archean volcanoes, and 
these were concerned in promoting the copious siliceous and alkaline precipitations 


mentioned. 
2. Metamorphism. There is a large series of clastic gneisses produced by the 
When these old strata were basic they are 


recrystallization of the Keewatin strata. 
supposed to have given origin to the dark gneisses; but from the far more abundant 


acid clastics were formed by metamorphism the greater mass of acid clastic gneisses. 
These gneisses grade into mica schists which present similar extremes. 
Dynamic and thermal effects, through moisture, resulted in 


3. Iyneous rocks. 
the fusion of the acid clastics, giving rise to granites, syenytes, diorytes, etc., with 


varying acidity. The same forces caused the fusion of the basic rocks of the Keewatin, 
producing diabase, gabbro, orthoclase gabbro, syenytes, etc., with their varying 


basicity, there being a gradation from the most acid of the former group, through 
In the main, 


all degrees of acidity to the most ultra basic of the latter group. 


| 
f 
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the larger original masses, whether acid or basic, retain their predominant types 
in their descendants, and their descendants occupy in the main the parental ‘places 
in their geographic distribution. Later dikes of diabase, as well as of granite, are 
from the same original masses, taking their places in later formations under stress 
of dynamic force acting on their deep-seated portions. 
The Taconic, This is the time equivalent of the Lower Cambrian and is sepa- 

rated from the foregoing by another marked non-conformity. It is divided into 
Animikie (at the bottom) and Potsdam. These are both intimately associated with 


igneous rocks. The former carnes the Mesabi iron ores and the latter the copper 


deposits of lake Superior. The former is sometimes nearly horizontal, but sometimes 


dips as much as 45° from horizontal. The latter is usually less tilted than the former. 


The two are separated by a non-conformity. The conglomerate and quartzyte at 
the base of the Potsdam (locally named Puckwunge conglomerate) is widespread in 
Minnesota and Wisconsin and has received also the names Sioux quartzyte, New 
Ulm quartzyte, Baraboo quartzyte and Barron quartzyte. It graduates upward into 
sandstones, which are well known along the St. Louis river and on the south side of 
lake Superior, and these in tur graduate into the St. Croix sandstones and the 
dolomytes of the Mississippi valley. The conglomerate and the lower sandstones are 
accompanied by cotemporary basic lavas. 

The Animikie, so far as known, has no cotemporary lava flows in Minnesota, 
but is intersected by sills and dikes of diahase- offshoots from the great gabbro mass 
which originated and took its structural positions at the close of the Animikie and 
before the Puckwunge conglomerate. 

The eruptives of the Keweenawan are divided, according to their date, into 
Cabotian and Manitou, the former antedating the Puckwunge conglomerate, and the 
latter accompanying and following it. 

As in the Archean, so in the Taconic, the igneous rocks, both acid and basic, 
originated from metamorphism and finally the fusion of older (usually clastic) rocks, 
the diabase being traced directly into gabbro, and the gabbro, through muscovadyte, 
into greenstone; and the granites being traceable to quartz-porphyry, and that rock the 
result of aqueo-igneous fusion of clastics, in some cases plainly those of the Animikie. 

There are granites of at least three determined relative dates, two in the Archean 


and one in the Taconic. 
There are also diabase dikes of at least three determined relative dates, one in 


the Archean and two in the Taconic. 
There are quartz-porphyry dikes of at least three dates, one cutting the upper 


part of the Lower Keewatin, one cutting the Upper Keewatin, and one cutting parts 


of the Taconic. 
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The granite dikes are referable to fused or plastic portions of the acid frag- 
mentals of older date. 

The diabase dikes are believed to have originated from the lowest greenstones, 
or as apophyses from the gabbro, itself a secondary condition of the greenstones. 

.The quartz-porphyry dikes sprung, under similar forces, from the great quartz- 

porphyry of the Lower Keewatin, or from later clastics. 

The divisions, and probably the subdivisions, of the Archean, were determined 
by epochal earth-movements, which not only caused the upheaval and metamorphism — 


of all pre-existing rocks along certain belts of greatest stress, but also gave origin 
These great movements are marked also by 


and relative date to the igneous rocks. 
the accumulation of the coarser or conglomeratic portions of the clastic strata, these 


coarser clastic strata following immediately after the cessation of the general 
disturbance, or in some cases being cotemporary with it. 

The divisions of the Taconic are due to the recurrence of similar disturbances 
in Lower Cambrian time; products of such metamorphism being the gabbro with its 
attendants (diabase dikes and surface lavas) when the rocks affected were sufficiently 
basic, and constituting the “red rock” series (granites, quartz-porphyries and acid 
Javas) when the rocks concerned were acid. 

The successive belts which witnessed the maximum disturbance have, in north- 
eastern Minnesota, a rude parallelism extending northeast and southwest, and from 
the earliest to the youngest approach more and more to the basin of lake Superior, 
and appear to have outlined the gorthwestern confines of that basin in some of the 
earliest stages of geologic history. While these characteristic belts can be easily 
recognized only in the northeastern part of the state, it is believed, from the scant 
data that we have, that they extend entirely across the state in the same direction, 
and that they could be traced continuously were it not for the heavy covering of 
drift. Therefore the nomenclature, and the geologic history which is so plain in 
the northern part of the state, are reasonably extended southwestwardly as far as to 
South Dakota. | 

Methods of topography. As the accompanying geological plates are marked by 
topographical contour lines, it will be well to remind the reader that they are not 


based on the same simple methods as were employed in the southern and western 
counties. In the most of the state are numerous railroads, and railroad and other 
surveys. These data have been used as bases from which, by rapid travel and aneroid 
readings, the contours of the surrounding country have been sketched in and corrected. 
In the northeastern part of the state such data are nearly always wanting. At the 
same time there is no portion of the state in which there is concentrated a more 


diversified topography, nor any in which the intimate dependence of topography on 
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The topography, therefore, is, ina marked manner, the inter- 


geology is so evident. 
It was obvious at onee that some method must 


preter and the guide to the geology. 
be devised for expressing this relationship, and therefore for first expressing the 


salient contours of the topography. 
In order to do this with the available means of the survey, each party sent out 


in the season of 1893 was furnished with a copy of uniform instructions for making 


topographic records, of which the following is a transcript. Each party carried the 


necessary apparatus for making the contour lines on the township plats, which they 


had in duplicate, one set being for geology and one for topography: 


DIRECTIONS FOR FIELD Work FOR TOPOGRAPHICAL Maps OF THE Mesani Tron Rance 
AND OF OTHER Parts OF NORTHERN MINNESOTA. 


Starting from known elevations, of which a list is appended, the aneroid 


Contour lines of township maps. 
Each township 


barometer is to be used, first, for the determination of altitudes of primary points of reference. 
will have its own series of such primary points, marked (@) and lettered A, B, C, ete., among which will be 
included all the camping places of the party. The locations of these points, and their altitudes as barometrically 
determined, are to be recorded on the township plats. The altitudes of the principal lakes are also to be deter- 
mined and noted on the plats, and all the large lakes are to be used with the foregoing as primary planes of 
reference. These altitudes upon each township plat are to be harmonized together and brought as nearly as 
possible to be consistent with each other by reading the barometer whenever a journey is made between such 
primary stations and lakes, or from any of them to primary stations and lakes in adjoining townships or to points 


whose hights are known. 
It is intended that each party will keep a continuous computation of the hight of its primary stations with 


reference to the sea level, independent of the fluctuations of the barometer caused by changing meteorologic 


conditions. For this computation, the altitude of each new primary station will be obtained by barometric com- 


parison with stations of known hight or with former primary stations, when as little time as practicable is spent 
in passing from one station to the other. Insuch determinations of new stations, several readings (at least three) 
of the barometer at intervals of a half hour are to be taken at the station of already determined altitude just 


previous to leaving it; and immediately on arrival at the new station several readings (at least three) with the 
same intervals of time are likewise to be made, all these being recorded in the tield-book. By inspection of these 
series it will be seen whether the barometric pressure was probably@ha ng, and in which direction, while the 
journey between these stations was being made, and this correction is to applied in obtaining the altitude of 
the new station. 

From the points and planes of reference the hights and locations of the principal hills and ridges of the 
district will be determined similarly by the barometer and noted as secondary stations marked * on the township 
plats; and from each of these elevations the form of the adjoining country is to be sketched on the plats in 
contour lines with vertical intervals of fifty feet, reckoned from sea level through the known data before referred 
to, the calculated hights of, the successive contour lines being noted on the plats. In this work altitudes at 
distances of a half mile to one mile, or farther, away from the observer may be ascertained approximately by 
sighting with the Locke's level from the points where the hight is known by the barometer. This sketching is to 
be done by pencil at the high secondary stations where the barometric altitude is read. 

When the primary hights relied on for the secondary stations and sketching are subsequently found to 
require changes and adjustments which affect the hights of the contours sketched, the changes needed are to be 
made also by pencil, by noting at each secondary station the estimated number of feet, with -|- or — sign, by 
which the previously assigned altitudes of the contour lines in its vicinity are to be changed for agreement with 
the more accurate barometric determinations and for consistency with each other and with adjoining township 
plats. At the primary and secondary stations and on the areas of lakes the plats must give references to the 
pages of the field-books where their original determinations and all later adjustments are stated in detail. 

All the areas of the townships assigned to your party, namely: (specifivation of the area assigned to the 
party) are to be covered with contour lines drawn as above described, from which the map plates of these areas 
will be compiled for the tinal report. Graphic records of your observations of the contour must be given fully 
by these lines on your several township plats. | 

Notes in field-books. While the whole area of each of the designated townships is to be carefully contoured 
on the plats as indicated in these instructions, especial attention is to be given to the chief belt of outcrop of the 
iron-bearing formations, which is on the northern line of the slates at their Junction with granite or quartzyte. 


Along this belt and upon a width of a half mile or more to each side from it, the survey is to be done with 
Here continuous observations are to be taken along each north 


exceptional thoroughness and fullness of detail. 
and south line of sections and their subdivisions, and brief descriptive notes of their altitudes, slopes and ravines 


en 
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are to be recorded or sketched in the tield-books, previous to the usual sketch mapping of the contour lines of 


hills and ridges. 

For the purpose of the final mapping, all the barometric readings at the primary reference points or lakes, 
and at every secondary station from which sketching is done, are to be recorded carefully in your field-books with 
definite statements of the locations of these points, lakes and stations, as tothe section, township and range, and 
the situation in the section. In all cases the aneroid barometer is to be read both in inches and in feet, as 
barometer 29.132:--1,710 feet, while it is laid or held in horizontal position and aftera slight jarring that the needle 
may freely come to rest. The times of all barometric readings are to be entered with them in the field-books, 
whereby these field records will be conveniently corrected by comparison with the continuous records of a 
mercurial barometer read regularly during each day at some station of known hight on the Mesabi Iron range. 


An example of the notation in the field-book for an aneroid reading, with its location and time, and its 
Barometer 29.132-=1,710 feet Primary station B,S. E. 14 sec. 1, T. 58-17 


computed hight, is therefore as follows: 
More exact description of the location of this "station, with 


—June 15, 10:30 a. m.,—Computed hight, 1,565 feet. 
reference to the sides and corners of this quarter section, is to be given also, unless it has been previously deter- 
mined and so described on a foregoing page, and its position is to be indicated on the plat thus, @ B. 
[Sample page.] 
BAROMETRIC RECORDS FOR THE MONTH OF JUNE. 


DATE AND RECORD. 


JOHN SMITH, Observer, 


Stations 
e 3 1 3 a 3 ao 
7:30 4 9:30 A 12 M | 6 P 6:30 P 7P 
re eee fe | ee | eS ee [ 
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* 3 3 | 
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* 3 = 
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2688 | 2688 | 597 | 2597 
x | 4 | * 5 + 5 
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“ 28.000 | 28.015 | j 98 445 k 98 445 
2790 ! 9778 a 2360 9366 
* 4 ; | | 
eee re | 
f 28. 200 | | 
2597 | | | ae 
* 4 4 4 + 5 | | 
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g 28.300 | 28.310 | 28.325 | 
2504 2495 | 2484 ; I a 
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The readings of the mercurial barometer and of the temperature at its station will be recorded at the even 
hours and half hours throughout the day. For comparison therewith the aneroid barometer should be read 
likewise at even hours and half hours, For these readings the aneroid is to be placed on the ground. 

The tield-books are also to contain brief notes of the conditions of the weather at morning, noon, and night 
and whenever noteworthy changes are observed, as to clear or partly or wholly cloudy sky; calmness or direction 
of the wind, and whether it is slight, moderate or strong: the duration and character of rains, and especially of 
showers, noting their time of beginning and end: and the character of the temperature, as cool, mild, warm, or 
hot, and the time of any sudden changes of temperature, as during or after showers. Note particularly the 
oncoming of thunder storms, as theirisobars move across the country from west to east and will serve, in the 
final compilation, for correcting the aneroid readings of the several parties. 

The stations are designated thus: @ Primary station. * Secondary station. A -A. M. PP. M. 
M Noon. Capitals A, B.C. to Z Primary stations. Lower case a,b. ec, to z Seeondary stations, 

Supplementary. Tfit be found impracticable to keep a continuous record and calculation of the elevation 
in fect above the sea, thus drawing the contour lines where they will permanently remain, the topographer may 
contour the separate townships from assumed primary stations. Such assumed points should have numerous 
aneroid readings recorded in the field notes for correction by the mercurial barometer, and they should be, if 
possible, either the highest or lowest points in the township, or the surface of some large lake. The contour lines 
drawn at intervals of fifty feet from such data will receive their correction when the records are all compared. 


Accompanying these instructions was a list of all known elevations within the 
area to be contoured. The mereurial barometer by which the aneroids were corrected 
was read each half hourat the station where the Duluth and Iron Range railroad 
erosses the Mesabi Tron range, and by it all the aneroids were set. 

This plan was carmed out with varying accuracy and ftdlness by the different 
parties; and at the same time a line of spirit levels was run northward from Grand 
Marais to the international boundary, calculated to furnish positive hypsometrie data 
in one of the most important as well as complicated portions of the state. From 
this line many short branch lines were run to lakes and to hills. The data gathered 
by this examination, which went on im connection with geological notes, and the 
readings of the stationary mercurial barometer, were submitted to Mr. Upham, and 
by him were drawn finally the most of the contours represented on the special geo- 
logieal plates of the Mesabi Iron range. In the region of Akeley and Gunflint lakes, 
however, the contours are essentially those of Dr. Grant, and those of the Hibbing, 
Virginia and Mountain [ron plates areas constructed by Mr. Spurr. Those of Carlton 
county are by Mr. Ayres. | 

Date of some of the chapters. The field work of the survey was done in some 
parts of the area included in this volume several years ago, and there is some discrep- 
ancy between the maps and the descriptions and the present state of development. 
This is particularly true of the special maps of the western part of the Mesabi Iron 
range, Where the larger part of the developments which have astonished all engaged 
in the iron industry have taken place since the survey was made. There has been 
no opportunity to make more recent examinations, such as the circumstances would 
warrant. In other cases there have been some changes in the boundaries of the 
counties in the northwestern part of the state since the reports were written and the 


drawings of the maps were executed. It has not been possible to recast the reports 


nor to make the county boundaries conform to these changes. N. H. W. 
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CHAPTER I. 


THE GEOLOGY OF CARLTON COUNTY. 


By N. H. WINCHELL. 


Sltuation and areca, This county is situated on the western rim of the lake 
Superior valley. Its waters drain both ways~ eastwardly and southwestwardly. Its 
area is 867.19 syuare miles, of Which 9.47 square miles are water. Its form is that 


of a rectangle east and west, bordering on the state of Wisconsin south of the St. 


Louis river. 
SURFACE FEATURES, 
Natural drainage. The St. Louis river crosses the northeastern corner of the 
county, but it drains an insignificant amount of the surface. About one-tifth of the 
county, the southeastern part, is drained by the upper waters of the Nemadji river, 
while the larger part of the county contributes to the Mississippi through the 
In the central and northwestern portions of the county 


Prairie and Kettle rivers. 
are several fine lakes, and in the latter region these lakes are accompanied by 


extensive marginal swamps. 
Topography. Un general the surface varies from flat to rolling and hilly. That 


portion of the county which is drained to the valley of lake Superior is quite rough, 
the rivers having excavated deep and sharp cafon-like valleys in the drift which 
would have otherwise an even upper surface. This is more particularly true of the 
area drained by the Nemadji, for the St. Louis river, so far as it is within this county, 
is yet mainly outside the ancient valley that was submerged by lake Superior during 
the accumulation of the drift. and hence the drift maintains a rough contour that 
is more characteristic of the drift-covered latitudes. The most of the county is 


rather smooth, similar to the flat drift-covered counties in the western part of the 
The only noteworthy 


state, the flatness being broken only by the drainage courses. 


*Carlton county was in part examined in 1879, and many rock samples were collected, as recorded in the 10th annual 
Further examination was made in September, 1893, in company with Mr. H. B. Ayers, and later 


report, pp. #34 (Nos. 44-510). 

with Mr. J.E. Spurr. In June, 1x04, Mr. Ayers again assisted. and finally, in July, 1804, and May, 1807, several of the interesting 
and important rock outcrops were again reviewed in company with Mr. Ayers and Dr. U.S. Grant. The topographical work 
expressed on the plate of the county (No. 56) is essentially that of Mr. Ayers, who traveled over the whole county with an 
aneroid barometer for the purpose. The petrographic geology of Carlton county will be found in detail in volume >in connection 


with the roeks listed frym this county. 
2 


formed by their more rapid removal. 


THE GEOLOGY OF MINNESOTA. 
[Topography. 


exceptions to the original flat or undulating contour besides those mentioned 
above are found in a belt near the centre of the county, extending northeast and 


southwest about eight miles in width which is morainie, and an area in the extreme 


northeastern corner of the county. There is another small area in the south- 
western corner of the county which is also rough with original morainie deposits. 


There are three important features in the topography of this county, aside from the 
usual general monotony, e/z.: (1) The St. Louis river valley. (2) The Nemadyji 
plains and cafions, and, (3) The old outlets of lake Superior, 

In the main this river is bounded on 


(1). The valley of the St. Lowts river, 
These 


either side by high drift-walls composed of the morainie drift of the region. 
walls are distant from the river proper from half anule to two miles, and they are 
undwating or rounded, and cut by numerous drainage courses that cross them, and 


are reduced by the superficial wash that is incident to atmospheric exposure since 
From Cloquet downward the river runs on the 


the deposition of the matenial. 
Near the eastern boundary of the 


rock, and continues thus to near Fond du Lae. 
county the surface drift features change from the morainie to lacustrine, assuming 


thus the characters seen in the Nemadji valley. The immediate valley eastward from 


the eastern boundary of the county is therefore of more recent excavation than 
that portion which is excavated in the morainie drift. The rocks are nowhere much 
worn by the river. There are but few narrow gorges, but frequent cascades or falls. 
The gorge through which the river runs under the railroad bridge between Carlton 
and Thomson may be mentioned. Here the excavation is greater than at any other 
place, but it is not all due to the action of the river. There are many dikes that cut 


the formation in that neighborhood, and the rock of these dikes is rotted more than 
One such, about the width of the river, runs 


the rock of the slates and quartzyte. 
The bridge there- 


north and south through the country exactly where this gorge is. 


fore spans both dike and river. Everywhere these dikes are rotted below the surface 


of the-other rocks, and they are usually marked by trenches in the older rocks, 
It is probable that the occurrence of such a 


trench determined the location of the nver at that point when it had to seek a pas- 


sage on the retirement of lake Nemadji from the vicinity. The river here is con- 


centrated within a narrow channel, and its erosive action, after it began, has been 


by that means accelerated. 
(2). The Nemadji ralley. 

by fine sand. The area of this clay extends northward nearly or quite to the St. 

The brick made at Wrenshall, four miles southeast from Carlton, are 


The surface in this lacustrine area is nearly 
The 


Is a lacustrine plain, underlain by stratified clay and 


Louis valley. 


from this laminated lacustrine clay. 
flat, but slopes gently toward the Nemadji proper, which runs northeast. 


foxraphy, 


luned 


CARLTON COUNTY. 
Old lake Superior outlets. ] 
Nemadji valley is thus the synclinal which expresses the most westward extension 
of the great valley of lake Superior. Its western border is markedly distinct by 
reason of the abrupt change that takes place in the surface contours on passing from 


the lacustrine clay to the glacial drift proper. This is true throughout its extent in 
Its southern limit is nearly coincident with the southern boundary 


Carlton county. 
of Carlton county, passing into Wisconsin. Throughout this plain the streams have 
cut into the upper surface of the drift and formed sharp and deep trenches, but they 


do not, so far as known, certainly come into contact with the bed rock at any point 


in Carlton county. 
(3). The old outlets of lake Supertor. Otter creek, which joins the St. Louis at 
Carlton, flows there in an old channel between drift bluffs that are quite marked, 
This old channel is dis- 


and are separated from each other from one to two miles. 
tinctly traceable for some distance toward the southwest, approximately in the 
direction of the St. Paul and Duluth railroad, but somewhat to the south of the 
track. It passes through Otter Creek and Mahtowa (townships) and near Barnum it 
unites with the valley of the Moose river, and thence is tnbutary to the Kettle 
river. This old channel runs through morainic dnft. In section 12, Mahtowa, it 
has a blind connection with the Blackhoof valley, but the Blackhoof river itself is 


now running at a lower level, and the water in the old channel (a small stream) 


in order to reach it, flows in the opposite direction from what it pursued when the 


This old channel is probably the oldest and highest of the 


old channel was full. 
westward outlets of lake Superior, and was formed through the terminal moraine 


which bounded the Superior ice Jobe in glacial times. 
There is another ancient channel equally marked, in township 46, range 18. This 

passes across the divide between Moose river and Nemadji, and is specially visible 

in sections 16 and 17, where there is now no water except in spring time. Toward 


the west this channel is occupied by a tributary of Moose river, and toward the 


east by a tributary of the Nemadji, which immediately commences to ‘meander 
across the plain toward lake Superior. This channel is lower than the other, and 


probably was an outlet of lake Superior when it covered the Nemadji valley and 


was forming the lacustrine clay which covers it. Its highest point is 1,070 feet 
above tide, or 468 feet above lake Superior. The upper channel is about 1,125 feet 


above tide, or 523 feet above lake Superior. 


Elevations, St. Paul & Daluth Railroad. 
Miles from Feet above 
St. Paul. the sea. 
Moose Lake station, 108.8 1,063 
Summit, natural surface. 111.8 1,115 
112.0 1,108 
113.4 1,100 


Summit, grade, - 
Barnum, 


4 THE GEOLOGY OF MINNESOT.A. 
(Elevations. 
Miles from Feet above 
St. Paul. the sea. 
Moose Horn river (water, 1091), grade, : 113.0 1,101 
Cut 16 feet deep). grade, 114.1 1110 
Cut (21 feet deepi, prace. 114.1 1,155 
Mahtowa, : : : 119.5 1,147 
Blackhoof summit (natural surface and grade the same: highest: point on 
this railroad), : ; 120.7 1.170 
Otter creek, : : : | eee 1150 
Carlton (N. P. Junctions, : : é Mh. 1,083 
St. Louis river. Dalles bridge ched, (2: low and high water, 907 LO2O), erade, 132.5 1.044 
Thomson, : : 133.0 1.05 
Big Gulch (bottom of culvert, 981). grade, 18.1 1,0 
Sumanit siding (cut here has maximum depth of 24 feets, 1.9 136.1 lllo 
KNIFE FALLS BIANCH. 
Carlton, : - : : : M31. 1,083 
St. Louis river ¢ccrest of Knife falls, 1167, having a perpendicular fall of 8 
fept: high water on crest of falls, 1172) grade, - : : 16.4 1.150 
137.3 lv 


St. Louis river, at head of the rapids above the falls, ordinary stave, about, 


Northern Paetfic Ratlroad, 
Feet above 


Miles from 
the sea. 


Dualuth. 
Thomson, 21.7 1,032 
Carlton, i : : 1.083 
St. Louis river. Dalles bridge hed, 992: low and high water, 997 1020), grade, 22.0 144 
Otter creek, bed, 26.4 1,128 
Pine Grove, sow} 1237 
Sawver, Boo 1314 
Corona, 3 SOLO 1.303 
Kettle river, bed, 41.1 1,287 
Summit, natural surface, - 14.0 1.331 
Cornwell, at [sland lake. 15.0 13 
Tamarack river (bed. L287), grade, OT 1,301 
Wricht, . : o1.0 13009 
Summit of erade, 11, miles southeast of Carlton, in a rock cut, 18 feet decp, 1,008 
Wrenshall, 1044 
Barker, 953 
Daluth & Winntpeg Ratlroad (Great Northerw, 
Miles from Feet above 

: . Duluth. the sea. 
Summit station, | - : : 
Midway river (bed, 1,155), grade. - . sara 1,182 
Summit (cutting 14 feets. grade, ; : 18.8 1202 
St. Louis river (bed, 1,116 feet), grade. 0.9 1.173 
Cloquet, - - - et 1,191 
Nayonahb, : 30.7 1,214 


Elevations Determined by the U.S. Engineer Corps. 
The following elevations were published by the Mississippi River Commission. 


in IS92. having been determined in TS9L: 
Note. In this list A. P. B. M. indicates a precise benchmark which is set with special care so as to be 
practically permanent. 
A. T. B. M. indicates a temporary benchmark whose elevation is as well determined as the P. B. M. but 
which is not regarded as specially permanent. 


To reduce to mean gulf level at Biloxi, Miss., subtract 21.26 feet (preliminary value) from the elevations 


here given. 
U.S. P. B. M. 4 is top of copper bolt, in vitritied clay slab in ground, and surmounted by iron pipe. It ts 


49 feet south of the St. P.& D. railway track, and 6.890 feet east of the depot at Thomson, Carlton county, 
It is 298 feet west of a cattle guard, and 2.5 feet north of the right of way south fence. Elevation, 


Minn. 
1.090.664 feet. 
U.S. P. B. M. 4-Ais top of iron cap on top of pipe over P. B. M. 4.deseribed above. Elevation 1.094.640 feet. 
U.S. PLB. M.S is cross cut on top of windowsill of the Carlton county courthouse at Carlton, Minn. It is 


d 


The benchmark is marked 


CARLTON COUNTY. 
Elevations. ] 


in the first window north of the tower and on the western side of the building. 
thus: U.S.-+ B. M. Elevation, 1,109.847 feet. 

T. B. M. 39 is spike in root of pine tree 3 feet in diameter, on eastern side of public road leading south 
It is about 2,950 feet north of the junction of the public road with the old military road 


from Carlton, Minn. 
leading from Superior to St. Paul. Elevation, 1,131.314 feet. 
U.S. P. B. M. 6 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 


1 foot southward from the southern fence of the Superior and St. Paul military road and on land of Michael 
QO’Donnell, in Carlton county, Minn. It is 371 feet eastward from the northwest corner of section 1, township 
47, range 17, and is 190 feet northward from O’Donnell’s house, and is about 6 miles southward from the town of 


Carlton. Elevation, 1,133.562 feet. 
U.S. P. B. M. 6-A is top of iron cap on top of pipe over P. B. M. 6, described above. Elevation, 1,137.545 feet. 
It is 


U.S. P. B. M. 7 is-top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. 


about 100 feet northward from the military road and 500 feet westward from the bridge over Blackhoof river, 
There are two Norway pine trees blazed respect- 


and 8.5 mileseastward from Barnum in Carlton county, Minn. 
ively 79 feet northward and 62 feet northeastward from the benchmark. Elevation, 1,111.167 feet. 
U.S. P. B. M. 7-A is top of iron cap on top of pipe over P. B. M.7, described above. Elevation, 1,115.165 feet. 

T. B. M. 55 is spike in root of pine tree 3 feet in diameter, west of military road, about 6,140 feet: south- 

ward from farm house. The benchmark is on top of a hill where the road turns southward, and is 3.4 miles 
Elevation, 1,219,141 feet. 


southwest from Blackhoof bridge, in Carlton county, Minn. 
U.S. P. B. M. 8 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 59 


feet northwestward from the military road and 193 feet: northward from the Junction of the military road with 
public road leading to Barnum. The benchmark is 3.9 miles east of Barnum, ip Carlton county, Minn. Eleva- 


tion, 1,185.778 feet. 
U.S. P. B. M. 8-A is top of iron cap on top of pipe over P. B. M. 8, described above. 


U.S. P. B. M. 9 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. 

in the southeast corner of section 36, and is 17 feet northward from the township corner marking townships 46 
and 47, ranges 18 and 19, and being the northwest corner of township 46, range 18, in Carlton county, Minn. The 
township corner is marked by an iron bolt driven about 3 feet in the ground and is in the public road. The 


benchmark is about 1 mile east of Barnum depot. Elevation, 1,201.867 feet. 
U. S. P. B. M. 9-A is top of iron cap on top of pipe over P. B. M. 9, described above. Elevation, 


Elevation, 1,189,748 feet, 
It is 


1,205.880 feet. 

T. B. M. 59 is railroad spike in root of pine tree, 103.5 feet eastward from the threshold of the railway 
depot at Barnum, Carlton county, Minn. Elevation, 1,117.932 feet. 

T. B. M. 62 is railroad spike in root of poplar tree, 8 feet cast of fence, 58 feet east of St. P. & D. railway 
track, 705 feet south of public road and railroad crossing, and about 3 miles south of Barnum, Carlton county, 
Minn. Elevation, 1.104.353 feet. 

U.S. P. B. M. 10 is top of copper bolt in vitrified clay slab in ground, and surmounted by iron pipe. It is 


20 feet 8 inches from the southeast corner of I. L. Sargeant’s dwelling house, in Moose Lake village, Carlton 
It is 145 feet eastward from the St. P. & D. railway track, and 282 feet eastward from the 


county, Minn. 
railroad depot, and 525 feet eastward from a warehouse under which is the northwest corner of section 21, 


township 46, range 19. Elevation, 1,080,028 fect. 
U.S. P. B. M. 10-A is top of iron cap on top of pipe over P. B. M. 10, described above. Elevation, 1,084.019 feet. 


The highest land in the county is in the northeast, on the east side of the St. 
Louis river, where the contours of 1,400 feet make a short entry south of the 
northern county line, one knob in section 2, township 49, range 17, being 1,450 feet 
high. This is due, so far as can be seen outwardly, to morainie accumulations which 
extend farther into St. Louis county, but it is also probable that the gabbro range 
which abuts on the St. Louis valley farther east. has an mitial influence in the 
greater elevation of the rock surface as well as in the locus of the morainie deposits. 


From this altitude the general surface descends rather rapidly to the valley of the 
st. Louis river, and still more rapidly along the St. Louis valley eastward = from 


Thomson, and at the exit of the river from the county its surface is lower than 


650 feet. 


Sol and Timber. 
and northwestern parts are prevailingly flat, and frequently swampy, and extensive 


The county presents great diversity of soil. The western 


THE GEOLOGY OF MINNESOTA. 
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muskegs occur, which will become tillable only by an extensive system of artificial 


drainage. The eastern half of the county is much better drained, but it likewise 
has more stony and even rocky land that can never be made productive farming 


land. The Nemadji valley, while flat and clayey, and very muddy at certain 
seasons, yet 1s well drained by reason of the numerous streams that carry the surface 
waters rapidly into the main stream, and thence into lake Superior. Below the 


superficial lacustrine clay is a great thickness of till which. occasionally rises 
through the clay to the surface. This underlying till emerges from beneath the 
clay all about the rim of the Nemadji basin and constitutes the rolling surface that 


bounds the valley. 
The timber is equally diversified. About the swamps and on the sandy plains 
jack pine (Pinus banksiana) and spruce, characteristie of the region, are scattered 


sparingly, mingled in the drier patches with poplar and white birch, and in the 
more rolling and more fertile tracts with white pine, elm, oak, and the various 


deciduous species that have been enumerated in reports on other counties. 


Hemlock. In connection with the timber trees of this county, an important exeeption should be noted to 
the general statement published in volume I. of this report,* to the effect that hemlock (Tsuga canadensis) 18 
It is found sparingly in Carlton county, viz.: It formerly grew on the south side of 


not known in the state. 
According to Mr. Wm. Oliver, nine trees once grew 


Moose lake, between Moose lake and the old military road. 
there, but curiosity and vandalism have destroyed nearly all of them: on the bank of Kettle river west of Moose 


lake; near Howell (east of Thomson), between Howell and the St. Louis river, on section 10, township 48, 
range 16, near the centre of the section, in a little ravine. 

In connection with this subject it is best to mention here other localities, although not in Carlton county, 

On the Duluth and 


at which hemlock has been authentically reported as indigenous to the state, viz.: 
Winnipeg railroad, on the line between sections 20 and 21, beyond Catlin, township 51, range 19. Quite a 
According to Mr. R. G. Robinson, Pine City, there is a grove of 


number of large trees are found here. 
hemlock intermixed with other woods, of more than six hundred acres, in sections 2] and 28, township 950, 


Some of the trees are not less than 2', feet in diameter, on the stump. 


range 19, on the St. Louis river. 
According to the same authority there are six trees near the town line between townships 42 and 43, range 


19, about eight miles east of Miller station (St. Paul and Duluth railroad). A sample from this place was 
to be seen (in 1885) in the office of the land department of the St. Paul and Duluth railroad. It is well 
known that eastward from the Minnesota boundary hemlock is quite common along the Penokee iron range. 


GEOLOGICAL STRUCTURE. 


There are several very important features in the geology of Carlton county, 
and there are also some unsettled questions as to the age of some of the rocks. The 
slates and other rocks at Carlton and Thomson, extending to Cloquet on the north 
and to Barnum and Moose Lake on the south, will here be considered as belonging 
to the same formation and date, and they will not be distinguished structurally 
from the rocks that appear west from Mahtowa, and between Mahtowa and Otter 
Creek. The possible separation of these slaty rocks into two series, and their age, 
will be found discussed in the report on the Carlton plate (plate $7). 

This slaty and greenstone series, which is sometimes rather composed of 


graywackes and dark quartzytes, extends generally under the county as a base- 


*Vol. i, p. 139. 


CARLTON COUNTY. 


The Thomson slates. ] 


ment, more or less broken by abrupt changes of dip and by faulting, and two 
later formations are, at different places, non-conformable upon it. There are to 
+e considered, hence, the following three formations, not mentioning the dnift, in 


descending order: 
1. White sandstones, varying to red. 


2. Conglomerate varying to light colored grit. 


3. The slaty formation. 
The Thomson slates. These slates outcrop in the St. Louis valley from near 


the eastern border of the county (sec. 2, T. 48, R. 16) to Cloquet, the water 
running over them almost constantly in cascades and rapids. In this part of the 


county they also spread northward and southward, being visible in low ridges 


“north and east from Thomson, at Carlton, and cut by the Northern Pacific rail- 


road a few miles southeastward from Carlton. Similar rocks appear at several 


points along the line of the St. Paul and Duluth railroad, viz., between Carlton 
and Otter Creek; at two miles west from Otter Creek, at Barnum and at Moose 
Lake. A ridge of high land appears westward from Mahtowa, caused primarily 
by a range of similar rock ridges which strike eastward so as to be crossed by 
the St. Paul and Duluth railroad about on the town line between township 48, 
ranges 17 and 18. 

Some micaceous and rather soft and somewhat greenish schists are exposed 
to view along the Kettle river near the mouth of (illespie brook and of Splitrock 
river in township 46, range 20 west, and northward. These are often consider- 
ably rotted, but at the mouth of Otter brook, section 16, township 46, range 20, 
they are firm, with quartz and pyrite, the latter mineral having been supposed 
to be auriferous and mined slightly for gold a few years ago. 

These slaty rocks are so nearly alike that they can easily be placed in the 
same formation, but there is more metamorphic action apparent in the western 
and southern portions of the county, although the strata in the northeastern 
part of the county were more nearly adjacent to the great eruptive centre of the 
Keweenawan which also sent numerous apophyses into them. Hence it is a reason- 
able hypothesis that the Animikie is represented by the beds in the immediate 
valley of the St. Louis, from the falls at Cloquet to the foot of the lowest falls, 
and extending southwestward to near Otter Creek station; but that the rest of these 


slates are in an older formation, viz., the same that at Tower lies non-conformably 


on the greenstones and iron ores. The drift 1s so abundant that it has not been pos- 
sible to find any line or boundary separating them, and it must be left to the 


future to establish or refute this hypothetical distinction. 
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Detailed descriptions, St. Louis valley. 


In asvending the St. Louis valley the slate formation is tirst encountered a short distance above the coarse 
quartzose conglomerate that appears on the left bank in sections 1 and 2, township 48 range 16. Following up 


the conglomerate exposure, as it rises, the observer sees that it lies on a decomposing schist or slate, filling the 
original inequalities in its upper surface, The slates here stand nearly perpendicular as the weather separates 
the cleavage planes, and they strike east and west, as at Thomson, but the sedimentary bedding dips about 


4° toward the southwest. 
The slates make a series of falls and rapids commencing S. BE. 14 section 10, township 48, range 16, where, 


on the left bank, are several veins or folia of white quartz parallel with the slates, some of which are 4 to 6 inches 
thick. Some of the sedimentary beds of the formation here are coarse and hard, having no slatiness, but a 


thickness of two or three feet, but as a general rule the formation is distinctly slaty. 
The cause of the lower falls is an igneous dike which crosses the river near the brink, hardening the 


The falls cross the river stragglingly, about east and west in conformity with the strike 


lavers of the formation. 
of the formation, and descend about 22 feet in the distance of about six rods, but the water is rapidly descending 


in other short cascades for a quarter of a mile above the falls. Also below the falls it continues as a rapid to the 
The dip, which is taken to be the general incline of 


foot of the islands, descending about 15 feet more, 
the heavy beds toward the southeast, is 63°. but there is a multiplicity of folia, Joints and seams, and sedimen- 


tary planes, that all confuse the question of dip. 
The dike that here crosses the river channel has a marked effect on the slates, hardening and coloring 


them, and this is the effect. toa greater or less degree, of all the similar dikes that cut this rock in Carlton 
This dike runs north northeast and is at least 2O feet thick. The slates are more durable than the dike, 


county. 

and owing to the basaltic structure that is superimposed on them, and the fineness of the dike at the contact 

with them, it is not easy to distinguish between the two rocks in the field. Above the falls are other similar 
At the large rock 


dikes, but narrower, and the rock stands up roughly in the channel in the form of islands. 
island east of the upper end of island No.5 (the islands being numbered upstream) the dip of the forma- 


tion is 27° southeast. 
Just above island No. 6, in section 10, occurs the wildest and most tumultuous portion of the river, where 
The descent here, in about a quarter of a mile, must be about 40 


it comes nearly along the strike of the slate. 
There is no regular fall, but a rushing and foaming torrent, dashing from side to side of the channel, cut 


feet. 
and parted by the Jagged protrusions of the highly dipping slate which, by its variations of hardness forms 
The dip of the slate, whieh sometimes rises in the mid- 


troughs that alternate with sharp and angular ridges, 
dle of the river 12 or 18 feet. and is) very conspicuously disposed, varies from 39° to 48° to the south and 


south-southeast. The former dip is to the south and the latter to the south southeast, the slaty cleavage being 
nearly perpendicular all the time. The grand bedding is in thicknesses of 15 to 24 inches, but there is also 
a thinner bedding which is in layers of a few inches, and probably the heavier beds would show a_ finer bed- 
ding under favorable weathering. 
At the mouth of a little creek that comes from the north, S. W. 14 section 10, township 48, range 16, is a 
tine-grained dike about 30 feet wide, and another occurs N. EB. 14S. FE. ly section 9, township 48, range 16, 8 feet 
Two others, one 30 feet wide, and the other about 6, are seen a short distance above the 


wide, running north. 
This is on 8. BE. 14 section 9: and ato rods higher up is still another. 


last. 

At the island on S. E. Jy section 9 the river is very rough, as it separates and plunges among the rocks. 
The strike of the slate is nearly in the direction of the river. The island consists of a knob of hardened slate, and 
the beds that have their strike on each side of it stand up in the channel] like inverted plows and cause the water 
to take a twirling course, tirst on one side for a few feet or a few rods, and then leaping over, like the turf on a 
eoulter, on the other side, where it tinds a trough from which it escapes in the same way at a lower level. This 
takes place on each side of this island, but is particularly interesting near the head of the island on the north 
side. Below the island in the main channel it then repeats this operation as it makes its way through other 
troughs. Generally the whole river is divided into several such troughs, but in a few places it is all embraced 


in one rapid chute about 25 feet in width, along the side of which there is a boiling return current upstream 
Above this for half or three-quarters of a mile the 


as the central current plunges and foams downward. 
river’is more tame, but still constantly rapid, and impassable even for canoes, with frequent ridges of slate 


along shore and in the channel. 
Another fall amounting to 22 
the slate from the northwest, the slate striking east and west, and the bedding dipping 331,° toward the 
south-southwest, swinging round to the south-southeast, and being then in a dip of 39° to 43°. This highest dip , 
is seen at the narrows where the water crosses the strike of the heavy beds. At these falls the rock appears 
less slaty than usual, though occasional similar layers of more siliceous and arenaceous rock occur mingled 


with the slates at points lower down the dalles, These beds might be called quartzyte, though they are dark, 


feet occurs near the centre of section 8, the river passing directly across 


and sometimes become finer and slaty. 
The strike of the slate hills in sections 9 to 4, township 48, range 16, is east, 10° north, and the dip 18 


from 46',° to 60° toward the south, the cleavage running almost east and west. 
There is an interesting exhibition of the influence of the rocky structure on the course of the river at the 


railroad bridge over the St. Louis at Thomson. The river here is running in the course of a dike about 20 
feet wide. This rock being more Jointed, and at the same time more easily rotted and removed, has given 
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The St. Louis valley. ] 
The walls on either side being of hardened 


origin to the gorge through which the river passes under the bridge. 
quartzitic slate are much more durable. This dike is visible in the bluff facing the bridge downstream, but it 


is nearly hid by its own tumbling debris, while the slates stand up firm from 60 to 70 feet above the river 
The dike has a direction north-northeast, but is some crooked, and also separates, under or near the bridge, 
into two parts, uniting again so as. to enclose an island (in high water) on which a pier of the footbridge rests. 
At half a mile northeast is another large dike, 6) feet wide, which comes to the river between Thomson and 
the railroad bridge. This runs at an angle of 46° with the strike of the slate and quartzyte hills, but it is much 
more easily destroyed than they. 

A coarsely fragmental bed forming a feldspathic quartzyte or fine conglomerate, visibly 11 feet thick, 
can be seen near the old site of Miller’s mill, north of Thomson about a quarter of a mile. This is hard and 
firm, gray and dark gray within, but weathers nearly white from the feldspathic ingredient and from the abun- 


dant quartz. 
Near the highway bridge over the St. Louis is a large isolated nodule or lenticular mass of white quartz, 
standing conformably with the slates and rising above them on all sides. This is only an exaggerated instance 
(Plate A.) Near the top this 


of the quartz lenses that occur in smaller amount at many places in these slates. 
deposit is nearly 10 feet thick, north and south, but it runs but little distance downward. At the river bank. 


which intersects it at nearly right angles, it can be seen to run out almost entirely about 12 feet below the top, 
One large root, however, runs below the water with a 


by branching and losing itself in the seams of the slate. 
width of nearly 2 feet, and also another of 6 inches, but the greater part of it pinches out within 10 feet of the 


top. The quartz is milky white, and mainly massive, but sometimes shows a splintery cleavage in the direction 
of the slates. It is jointed, and disintegrates by falling out in blocks which are distributed down the. river. 
Veins like this in this formation probably contributed formerly to the formation of the quartzose conglomerate 


which lies non-conformably on the siate in sections 1 and 2, township 48, range 16. In this quartz appears a 
Its occurrence and its geologic relations are 


little galenite, pyrite and siderite, and doubtfully a little blende. 
quite similar or identical with the many quartz veins found in the Animikie in the Thunder Bay district. 


The ridge along which this quartz vein is visible is charged with pyrite, some of the cubes being in a 
coarse member of the slate, and sometimes more than three-quarters of an inch across. It is likely that a 
lightly mineralized belt runs east and west across the river at this place, developed at a fracture and fault 
The most important mineral accumulations would be likely to exist in conjunction with the north and 


plane. 
south dikes. . 
At Carlton and between there and the railroad bridge over the St. Louis are numerous dikes of dark 


In the most westerly of these the labradorite feldspar appears porphyritically in the mass, which 
Where they cut through the slate 


diabase. 
They all run nearly north and south. 
The average dip of the slate formation in 


is not common in these dikes. 
ridges they form trenches by reason of their more rapid decay. 
the S. W. 14 section 6, township 48, range 16, is 57° to the south, 5° east. 

It is filled with rapids 


The river has its most rapid descent below the railroad crossing at Thomson, 
There are four spots in particular where there are valuable water 


and falls all the way to the county line. 

powers available in short distances. First in section 10, township 48, ranye 16, where the river, in a short 

space, is divided into various channels by six islands that occur between its banks. Three of these islands 

are above the fall,and three are below, but there is also a considerable fall above island No. 3 (numbering 
The existence of the 


from below) extending to near the head of island No. 6. This whole fall is 55 feet. 
islands and the widening of the river, as well as the extent through which the fall is carried, before it 
reaches rather quiet water again, are favorable for the improvement of this power and for its utilization. 
But a short distance above the head of island No. 6 is the second fall, where the river is narrow, but has 
the rock formation of the country in conspicuous strike along each bank, contining the water like artificial 
dikes within troughs which run somewhat obliquely across the course of the river, and rising in knobs 
and rough islands (with constant dip toward the southeast) in the midst of the river itself, sometimes 
This condition of the river extends from near the head of island No. 6 to the dike which 


18 or 20 feet. 
is near the mouth of the creek that crosses the railroad on the N. W. 14 section 10; and the fall here, 
There is then a gradual ascent of 25 feet among 


which may be called cascade No. 2, amounts to 65 feet. 
the rocks to the foot of the fall at island No. 7, and of 25 feet more in getting round the island itself, 


where the river is divided and beautitied by the disposition of the slate ranges as already described. 
This is cascade No. 3. Above this the river is more steady for one-half mile, when there is a widening of 
the channel near the mouth of a little creek from the north, and a fall of about 6 feet over one of the harder 
beds that protrudes above the rest. This goes diagonally across the stream. There is then a similarity in 
the stream to and beyond the old retaining wall of the railroad, a distance of nearly a mile, through 


which there is actually a steady ascent amounting in the aggregate, from the head of cascade No. 3 to 
The Thomson fall is regarded as beginning near the 133d mile- 


the foot of the Thomson fall, to 70 feet. 

post -of the railroad (near the centre of section 8) and extending to the large island on sections 5 and 6. 
That part of it below the mouth of Otter creek which joins the river near the railroad bridge, south of 
the railroad, extending a distance of nearly a mile, is 30 feet, and is caused by the strike of the rock going 
directly across the river, causing it in several places to be suddenly contracted in width to 20 or 25 feet, 
through which narrow passages the river rushes with some fall and a swift current. The most of the 


fall is near the foot of the distance stated, but there is an irregular, rapid and rocky river all the way up 
to the railroad bridge that cannot consistently be subdivided, though it is more rocky at and near the 
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mouth of Otter creek. That part above the mouth of Otter creek, extending to the foot of the large 
island, is 35) feet. The larger part of this is near the foot of the island, but the river is a rushing 
torrent, in a rough, narrow gorge, sometimes split by islands all the way from the first fall to the creek. 
The total fall, from the brink of Knife falls to the water at the foot of the lowest fall, N. E. 144 section 
15, township 48, range 16, by aneroid, is 500 feet, with an estimated descent of 50 feet more to the level 


of lake Superior. 

“Different hydraulic engineers who have examined the river with a view to improving the water 
power have agreed on 2,000 cubic feet flow of water per second as the amount of water available at the 
minimum stave of the river, and they have calculated the total effective horse-power at ten projected 


dams below Thomson at 36,400, at the minimum flowage.” -Birkinbine. 
Southeastward from Carlton, about a mile and a half, at the rock-cuts on the Northern Pacific 


railroad, the same formation appears and presents some interesting features, which are wore fully described 
There is here a series of folding with axes that pitch eastward, the dip 


in the description of plate 87. 
One of the great dikes from the 


varying from 45° N., 10° W, to vertical, and again southwardly about 40°. 
vicinity of Thomson passes through the rock at the most westerly of these cuts, 40 feet wide, running 


S. 30° W. 

Northward from Carlton to Cloquet, and beyond, this slate formation is known to extend. It not only 
is exposed along the river banks, but forms low, sharp ridges in a manner quite similar to those seen near 
Carlton. These ridges are frequently cut by the St. Paul and Duluth railroad, Knife Falls branch. The 
rock usually dips south at the usual angle, as exposed along the railroad, but sometimes reaches 75° or even 


At Knife falls there is a series of heavy and arenaceous, tirm strata which form the brink of 
This coarser 


stands vertical. 
the falls and, running under the river east and west, cause the islands seen there in the river. 


rock, along the north side of the islands, is interstratified with argillaceous slate, the latter having a slaty 
There are ten beds of argillaceous slate 


cleavage. At this point the sedimentary dip is south 3°, east 48°. 
which, with the exception of one bed of about 3 feet, do not exceed a thickness each of 18 inches, alternating 


with hard and gray quartzyte layers that have a little greater average thickness. These layers strike to the 
north of the main falls in the south channel. They appear on the east end of the island below the falls. A 
section across the channel, north and south through the brink of the falls, would be represented by the sketch 


below, looking about west. (Plate A.) 

The slate beds are cleaved, but the quartzyte beds are not. The slaty cleavage gradually fades out 
in the quartzyte beds, but firmly cements them all together by an interlocking fibrous texture. 

At the falls, which are on the N. W. 14S. W. 14 section 13, township 49, range 17, and which face north, 


the brink running exactly east and west, the dip is 48° toward the south, and the rock consists of alternating 
layers of gray quartzyte and argillaceous slate. But there are two very prominent and persistent beds of 
gray quartzyte, one of which forms the brink of the falls, while the other is 40 feet below the falls and lies 
immediately over the section mentioned above along the northern side of the island. This lower quartzyte 
forms a spit of jointed rock that projects eastward Just below the falls. 

The descent of the water surface below the falls, in the first quarter of a mile, is about 20 feet. The 
river then turns southeast, the water constantly rapid, with large boulders, and a cascade of 3 feet at the 
distance of half a mile below the falls. Along the banks the rock is constantly exposed, rising in precipitous 


walls, at the cascade just mentioned, to the hight of 25 feet. 
Another fall of 17 feet, in a horizontal distance of 300 feet, takes place at a quarter of a mile still lower, 


there being no perpendicular fall. There is a division of the stream into four channels by the strike of five 
different persistent beds in the formation; the water running in the strike of the intervening beds, the hard 
beds forming islands in the falls. The width of the river at the brink is about 230 feet, and a dike of about 
900 feet crosses the river just at the head of the fall. This dike is destroyed by the river faster than the rock 
itself, owing to its frequent jointage; and the most rapid descent of the water is over the hardened beds of the 
formation on the east side of the dike, which runs north 5° east. The formation here dips south 60°. 


See figure on Plate A. 

About one-fourth mile below this fall the river turns about south, so as to go directly against the strike 
of the rocks. The banks increase in hight, the dip increases in degree, and at three-quarters of a mile further 
there is a high rocky island (Fortress island) from the foot of which a portage trail sets out to Knife falls, on 
the west side of the river.* The larger part of the stream passes on the left of the island, the descent being 
eight feet over large boulders. At this place the rock of the country is wholly slaty, and although a short 
distance above the island there is a gradual change in the dip from 60° to 70°, and then to 90°, as the river 
exposes the beds, yet in viewing the island from the northwest downstream, there is, besides the slaty cleavage, 
a coarse bedding or jointage system visible on the east side of the island that seems to dip about 45° southeast. 


ee 


out from near Fond du Lae, is that traveled by Norwood, and by the explorers and geologists that preceded him. Du Luth was 
probably the first white man that passed over it. The route leads to the Mississippi and Vermilion lake. The party of Lewis 
Cass. accompanied by Douglass Houghton, traveled it. Schoolcraft passed over it at the same time, but he conducted a portion 
of the party of Gen. Cass from this point westwardly across Carlton county, uniting with the rest of the expedition again at 
Bandy lake. This route of Schoolcraft, according to his description, can be followed in a general manner, into the vicinity of the 
lakes in township 49, range 18, passing along the south side of them, thence through the swamps to the vicinity of Cromwell, 
leaving the county probably near Tamarack river. The Knife portage was the outlet for the immense fur traffic of the upper 
Mississippi region. It is well named Anife portage, because where it starts, and for some distance, the slates are thin, perpen- 


*The portage trail which starts out here, known as" Knife portage” in distinction from ‘grand portage” which starts 


dicular and sharp like knives. 
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At a distance the island itself, in its perpendicular walls, covered with red lichen, cut by joints that cause the 
slates to fall away in masses, looks like a basaltic island of igneous rock. But there is no igneous rock in it. 
It rises 50 or 55 feet above the water and is covered by small pines, among which are many Norways. The 
actual bedding either coincides with the slaty cleavage or dips southeast about 40°. The banks of the river 
are not so high as the island, but on the east side the rock rises fully as high a short distance back. Below 
the island the valley is deep and has high slaty walls, the water being steady for at least half a mile, at which 
point the “grand portage ” begins, leading from the left bank south to the St. Louis near Fond du Lac. 
Below Fortress island, where the first little rapid is seen, a dike crosses the river north and south. It is 
It appears again 30 rods 


10 or 5O feet wide, and is best exposed in the right bank some rods below the rapid. 
further down and van be traced for half a mile along the right bank. The direction of this dike carries it across 


the railroad at Carlton near Paine’s mill. 
With various alternations and continually rapid water this character of the river continues past several 


islands, over numerous short cascades, to the railroad bridge at Thomson. 
There are numerous exposures of the rock of the region along the Knife Falls branch of the St. Paul and 


Duluth railroad. | 
At one mile northeastward from Otter Creek station is a large area of slate and grayvwacke or quartzyte, 
which in general has a vertical slaty cleavage and cannot be separated from the Carlton rock. One of its 
strong bonds of alliance with the Thomson slates consists in the presence in both of black rusty spots due to 
These black spots when they have 


the weathering out of calcareous masses or concretionary (?) accumulations. 
lost their lime are a loose, spongy mass of siliceous seams that closely reticulate, retaining the coloring 


matter of the rock. Such spots are found abundantly on the ridge which is within the plat of Carlton, 
They are seen there to coalesce, forming lines or eventually thin strata or lamine, 


sometimes being small. 
parallel with the sedimentary structure. They are also found in the Animikie slates at Thunder bay, as well 
as in the dark slates in the Sudbury district, Ontario, which have been mapped as Lower Cambrian by the 
Canadian geological survey. This is at the crossing of the Vermilion river by the Canadian Pacitic railroad.* 
At the point mentioned (one to two miles northeast from Otter Creek) the heavy sedimentary structure 
dips 45° toward the north, slaty cleavage is about east, 20° north, and slopes south so as to stand 80° from the 
horizon. Further northeast are several other large ridges that have shape and lithology characteristivally like 
the Carlton ridges. Here are the same limy lumps, and further here the formation is sparingly stony and 
pebbly (2088). The stony Jumps are siliceous and hard and stand above the surface when wasted by weathering. 


They thus contrast with the limy lumps which weather away faster than the rest of the rock, causing pot-like 
The supposed pebbles, however, may have originated in the clayey sediment as clay- 


holes and black spots. 
stones by some segregating process. They are sometimes almost flinty, and seem to fade out as if they 
were indigenous in the rock. They are sometimes surrounded by a coarser and lighter-colored scale: and 
sometimes a spongy laver is concentric within the pebbles, separating them into a nucleus and a body portion. 
Sometimes a pebble is evidently fragmental itself, embracing bits of black slate, or showing a banded sedi- 
The spongy brown layer is of the nature of the black calcareous lumps. 


mentary lining. 
As to the dip of this rock, there seems to be irregularity and some obscurity, as it has indistinet strue- 
However, after some careful search very evident sedimentary 


tures that suggest dip in opposite directions. 
bedding was found on the fage of a ridge Iving in the highway, which dips about 5° to 10° toward the south, 


60° west. 

Mahtowa. Inthe N. W. 1, S. BE. 14 of section 5, township 47, range 18, near the central east and west line 
of the section, land of H. M. Waldorf, is a ridge of fine, rather massive rock which is sometimes. slaty, 
rising about eight feet. Its trend is such that. if extended eastward without irregularities, it would strike about 
section 30, township 48, range 17, where a similar elevation is seen in the highway at about two miles southwest 
from Otter Creek, although not consisting entirely of similar rock. The west end of the ridge is different from 
the east end. The rock is in coarse jointage blocks, greenish and specked more or less with large pyrite cubes. 
A part of it is laminated schistose, especially along the east side, but most of it is massive, structureless and 
dike-like in appearance. The extent and width cannot be made out, only 20 or 25 feet being visible. This mas- 
sive green rock is represented by No. 2079. Several low knobs in the vicinity are of the same rock. As an old 


eruptive it has been pressed and somewhat modified. 
A few rods to the north of the last, at the roadside, is a low knoll of argillyte, or black slate, in which the 
slatiness dips at a high angle to the south, and shows a sedimentary banding that dips at about 45° toward the 


north. This black slate is filled with large pyrite cubes some of which are more than an inch ona side. 
About 80 rods north from the ridge described and 50 rods cast, a similar rock appears, but this is coarser,even 


conglomeratic, and resembling the conglomerate at Ely. This has been more pressed and shows some apparently 


fluidal movement, which is perhaps due to semi-fusion or plasticity of the sediments of a fragmenta] formation 
The irruptive aspect shades off sometimes 


and the fowage of the softened material amongst the harder parts. 
into the schistose and the schistose becomes pebbly with flattened forms. These flattened forms are coated with 
This rock, 


a darker, chloritic substance, in a manner similar to the coatings of the agglomerate masses at Ely. 

however, is much less agglomeratice than that described at Ely, but the resemblance to the old Keewatin greenstone 
of the state is quite striking. There is a rough structure, appearing to be the bedding of the conglomeratic 
portion, which has a dip about 45° southeast. This is also the direction of the generally fibrous structure. The 


*Fighteenth Report of the Minnesota Geological and Natural History Survey, p. 4. 
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rock here has considerable amount of white quartz and coarse pyrite crystals, some of the latter being an inch 
This place is about in the line of strike from the above locality of 2079, in an easterly direction, ¢. e- 


on a side, 
S. E. 1, N. E. 14 section 5, township 47, range 18. Rock 2082 represents one of the coarser masses which are 
These are not certainly always 


irregularly separated and surrounded more or less by finer and tibrous schist. 


as isolated parts, but independent lavers are composed of such rock. The whole is certainly a part of the green- 
It has a conspicuous, apparently bedded, more or 


stone of the Keewatin with the same indefinite characters. 
Other phases are repre- 


less nodular, or agglomeratie structure, that dips nearly east at an angle of about 40°. 


sented by rocks 2083 8). 
North of this belt of Lower Keewatin, about three quarters of a mile, runs a ridge of ditferent rock. 

This is like the Carlton rock and crosses the railroad and the highway about a mile and a half southwest from 
Otter Creek station. It appears S. BE. 14S. W. 1, section 29, township 48, range 18, (2080), where it affords a 
light-weathering but fine-grained graywacke, having a coarse jointage and siliceous composition. It is thick and 
massive in bedding, and so extensive that itis but rare that a sedimentary banding can be found. It also con- 
The dip is north 45° (2081). 


tains black calcareous snow-shoe tracks, so-ealled, as seen in the rock at Carlton. 
Sometimes this rock appears, at a little further north, in the form of low éast and- west ridyves, with dip nearly 
It is evident from the ditference in the direction of strike, the different lithology 


vertical or toward the south. 
and structure, that this ridge is another formation from that lying to the south which is seen at Waldorf’s, near 


Mahtowa. 

At the S. W. 14 section 4, township 47, range 18, is a fissile, dark colored schist, whose structure dips 
nearly east 40°. It occurs along the creek. The foliation is doubtfully the sedimentary dip. 

The Carlton rock appears at N. BE. 1, section 4), township 48, range 18, in a low ridge having black calcar- 
eous spots, also at Atkinson, at the centre of section 25, township 48, range 18. At the latter point is some vein 
quartz, in form of folie. This rock dips north about 30°. 

Where this range crosses the railroad two miles south of Otter Creek it is low and inconspicuous, and 
although the rock is not much different from that described, it has an imperfect vertical slatiness, 

It is tine slate, 


At Barnineis a low ridge, west of the station, showing a cut of three feet by the railroad. 
The dip is about 10° toward the south, but the face of the 


becoming coarser and approaching a tine graywacke. 


cut shows many minor undulations, with quartz in cavities. 

At Moose Lake is a micaceous, firm graywacke quite similar to that seen at Barnum. 
when weathered, very much like some gray slates of the Animikie seen on Pigeon point and elsewhere, it 1s 
apparently an older rock than the Animikie, being distinctly micaceous and more crumpled than the rock about 

This rock occurs as boulders, which are scattered plentifully about) Moose Lake. 
22, township 46, range 20, near Gillespie brook, on land of Ed. 


aad, 


While it appears, 


Carlton. 
A rocky hill oceurs on the N. E. 14 section 


Lund, supposed to be of the same formation as the rock at Moose Lake. 
Some exploration for gold was done in the schists at the mouth of Otter brook (sec. 


Kettle river valley. 
Their shaft is said to have been 30 feet deep, and 


16, T. 46, R. 20) by Cunningham and Miner, a few years ago. 

explored further with a diamond drill. That which attracted their attention was a lot of white quartz more or 
less mingled with pyrite, which also permeated the rock itself, existing as filmy coatings in the cleavage planes 
and other joints. The rock is a compact sericitic schist, quite siliceous, with scattered irregular lumps of quartz. 
It rarely becomes so coarse as to warrant the name graywacke. It is unknown how much gold was taken out, 
but probably not much: yet there is no Known reason why it might not exist here as well as at Rainy lake. 


In the bed of the creek is the principal outcrop of the quartz vein, but the quartz occurs very irregularly 


in the schist. 

Below the mouth of the creek about 15 rods the formation appears in the right bank of Kettle river. Here 

are several alternations of soft, fissile slaty rock and a gray, tine rock which might pass for a quartzyte, from 
some beds of which are found numerous boulders in the drift all about this part of the county. 

On the right bank of Kettle river a quarter of a mile below the centre of section 16, township 46, range 

This is unnconform- 


20, a low outcrop appears of rock like that seen at Otter brook, dipping in the same way. 
ably overlain by a basal conglomerate of a loose texture, mainly friable sandstone but embracing pieces of the 


underlying schist. 
About a quarter of a mile above the mouth of Gillespie brook is an outcrop in the left bank of Kettle 


river. This rock, which rises about 18 feet in the bank, is very singular and presents but few and faint characters 
It is a shaly schist, rusty green, but with glittering sericitic 


that ally it with the schist formation of the region. 

scales on the planes of the partings. It has no persistent conspicuous dip, but in all parts it breaks by irregular 
seams and joints in roughly lenticular small blocks, by means of which it forms a talus, yet in one place, over & 
distance of 12 to 20 feet an indistinct presence of a jointage in a direction south-southeast, seems to be visible, 
giving it a structure coincident with that seen in the schists of the region. Again, about 10 rods further down, 


the rock being visible continuously, there is apparent a nearly horizontal structure, and the appearance suggests 
In some of the talus fragments, however, are remnants of vitreous 


some Cupriferous (or Keweenawan) shales. 
vein quartz, which is not a feature of the Keweenawan shales, but characterizes the schists of the western part 


of the county. The rock therefore must be considered a rotted outcrop of the older schists of the county. 

About 25 rods below the mouth of Gillespie brook, on the right bank of Kettle river, a similar rock out- 
crops, but here it shows more plainly its stratigraphic alliance with the schists. This rises about 20 feet above 
the water, is roughly and lenticularly separable into homely small pieces, but is plainly a fine-grained mica 
It is sometimes ridged and crumpled, showing small faults and sliding planes. It is 


schist, or sericitic schist. 
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CARLTON COUNTY. 


The Puckwunge Conglomerate. ] 
In 


rusty and crumbling, and might, at a hasty glance, be taken for a fine crumbling sandstone or sandy shale. 


numerous places about the mouth of Gillespie brook this mica schist appears in the banks of the streams, and 
Its quartz has attracted attention for gold, and some shafts have been sunk 


also rises elsewhere as little hills. 

from 10 to 20 feet. It is exposed conspicuously in the left bank of the Splitrock creek, a short distance above 

its mouth. A gray and greenish schist appears at the surface on S. W. 14 N. W. 4 section 19, township 47, 

range 21, in the form of angular blocks, in many places, but does not afford favorable exposure for examination. 
They are wrinkled and irregular with 


Large surfaces that are apparently of the bedding, dip north 25° west. 
cavities, with some vitreous and smoky quartz. The rock appears micaceous and talcose. 


Puckwunge (Potsdam) Conglomerate. 
glomerate forms conspicuous outcrops on section 1, township 48, range 16, at the 


shore of St. Louis river, which represents the fragmental base of the Keweenawan 


This also appears further north along the banks of the creek that 
It les in depressions in the old slates, 


A coarse and pyritiferous quartzose con- 


formation. 


unites with the St. Louis on section 1. 
being thicker in some places than in others. This rock also is in outcrop on the 


S. E. 4 section 2, township 48, range 16, on the St. Louis. Its total thickness is 


nearly 100 feet. 
Owing to the importance of determining well the stratigraphic position of 


this conglomerate, it has been examined several times, and comparison has been 


made on a broad scale, with the known stratigraphy of the Keweenawan in the 
western portion of the lake Superior valley.* One result of this study is the 
assignment of this conglomerate to the base of the Potsdam, below the Manitou 


igneous rocks.t Its pebbles are chiefly derived from quartz veins in the under- 
lying slates, and from the quartzytes and graywackes of the same formation. 


Upwardly the material becomes much finer, constituting a white sandstone, and 


even a light-colored shale. It changes then to a red shale, and at a somewhat 
higher stratigraphic horizon it is charged with eruptive materials, making a char- 
acteristic Manitou conglomerate. There is no marked change in the dip, but, so 
far as observed, the strata are conformable from the lower conglomerate into the 


other.t There are reasons, however, to infer that great physical disturbances 
took place in the immediate neigborhood during the accumulation of this frag- 
mental series—indeed that the eruptive epoch of the Manitou division of the 
Keweenawan began, and perhaps culminated and declined before all the sand- 


stones next overlying were formed, those sandstones themselves being probably 
closely linked with the waning stages of the Keweenawan. This question is more 
fully presented in the chapter devoted to the Duluth plate (No. 88).§ The igneous 


rock, which rises into quite conspicuous hills a little eastward from this outcrop 
(at Short Line Park), which is apparently a part of the gabbro range seen at Du- 
luth, was probably of prior date, but no debris from it can be found in this 


N. H. WINCHELL, Am. Geol. 1895, vol. xvi, p. 150. 


*Crucial Points in the Stratigraphy of the Lake Superior Region. 
+ The Manitou igneous rocks are those of the upper division of the Keweenawan. Compare the Duluth plate, chapter xxxi. 


{ Owing to the rapidity and depth of the river and the precipitous nature of the cliff at the exact transition, no close 


inspection has been made of the actual transition. 
§See also American Geologist, vol. xvi, p. 78, 1895. 


“and some are translucent. 


THE GEOLOGY OF MINNESOTA. 
[The Puckwunye Conglomerate. 


If 


coarse conglomerate. probably because of the more destructible nature of this rock 
compared to the quartz pebbles that went to make it. But somewhat higher in 


the series of these fragmentals abundant eruptive materials are disseminated, 
and even red. crumbling eruptive conglomerates were formed, comparable to those 
seen at the month of the Mamitou river and elsewhere on the north shore of lake 


Superior, This change indicates that active eruption was going on in the mm- 
mediate vienuty- eruptions of the Neweenawan epoch, This alternation of the 


nature of the sediments is continued further. imparting a red color to the shales 
and sandstones, until the dving out of the eruptive activity. The advent of this 
(Mamtou) epoch of eruption is) reeorded not only in the sudden 


heweenawan 
of the sediments in the St. Louis valley. but also in the 


change mn the character 
hasic dikes that cut the This formation being 


gabbro lalls at Short Line Park. 
mainly outside of Carlton county, it will be found explained im the deseription 


of plate SS, the Duluth plate. 
The conglomerate seen on section 1, township #8, range 16, is hard, pyritiferous 
It dips, with the red beds overlying, about 


Detailed description, 
Some are of milky quartz 


and pebbly with coarse quartz pebbles, of which it chiefly consists. 
Some of the pebbles are two or three inches across, 
In some places nearly one half is directly referable to 


10° east of south by compass. 
Just above the junction of 


Some are black or gray. 


the underlying slate formation: indeed there is nothing in it but can be so referred. 
the two creeks there is a blind vein of calcite, about two inches thick, running north and south in this con- 


glomerate. The conglomerate extends a few rods along the creek, both branches, and before it) disappears, 
which it does by rising in an incline along the left bank in accordance with the dip. it shows about eight feet of 
bedding. and within a distance of about two rods the Thomson slate formation appears in the bed of the creek 


and soon forms a considerable exposure along the left bank. The slates stand pearly perpendicular as the 
weathering separates the cleavage planes, and the strike east and west as at Thomson. At this place the 
appearances indicate that the conglomerate les in depressions in the old slate surface. 

The following sections illustrate the manner of superposition of the conglomerate on the slates. The 
sections extend from “Bridge No. 2° down stream to the point of final disappearance of the coarse conglomerate. 


(Plate B.) 
This quartz conglomerate, in its upper parts, includes lenticular spots of shaly sandrock and of red 


conglomerate. At the bank of the St. Louis this conglomerate forms the low shore. and its upper surface is 
washed by high water, dipping into the river at an angle of 8° It then stops abruptly. by a fault, and the shore 
is occupied by a red and spotted green shale, of which the dip is more toward the south. Where the conglom- 


erate is broken off it is highly pyritiferous, and cemented into a compact rock, and at the very fracture the 
In the blutfs on the opposite shore may be 


whole is changed and vitrified, making a firm greenish quartzy te. 
seen four separate faults crossing the red shale and sandstone beds from the top to the bottom. This is just 
After the abrupt disappearance 


opposite the point of faulting of the conglomerate on the left bank. (Platg A.) 
of the conglomerate, the left bank,in ascending the stream, is found to be occupied by a low exposure of layers of 


this green and red shale belonging to some higher portion of the section, while in the right bank opposite is a bluff 
with an average exposure of 10 feet of rock consisting of red shale and shaly rock with varying dip. All at once 
the coarse conglomerate rises again, but not so suddenly as it disappeared, and forms the shore to the place where 
the slate formation is found underlying it unconformably. Where the conglomerate reappears it seems not to be 


faulted, but bent and somewhat broken upward, the shale beds above also being somewhat bent and compressed, 
The change of level is about two feet, 


though maintaining a green color where in contact with the conglomerate. 
and it is expressed on the opposite shore by undulations in the strata. It is about forty rods above this point 


that the slates first appear under the conglomerate. 
The lower portion of the conglomerate is coarser, though containing about the same materials as the last, 


with the exceptien of lavers of sandrock. The white quartz pebbles are sometimes six inches or more in diameter. 


Some are of gray. coarse grit, and some are pieces of the underlying slate, showing this slate must have been 
On the other hand it is to be noticed that a roughly 


about as it is prior to the deposit of the conglomerate. 
slaty. manner of disintegration passes upward into the conglomerate from the slates, where the weather has 


acted on the two at that horizon the pebbles and cement falling off in slabs or lumps that are elongated in the 
direction of the slatiness of the slates and parallel with them, as if the cause that operated to produce the slati 
ness had taken effect: since the deposition of the vonglomerate, and had resulted in a similar, imperfect 


GEoLoGiIcaL aND NaturaL“History Survey, Vou. IV. PLATE B. 


Supexposition of the Puckwunge Conglomerate 
on the Thomson Slates St Louis River. 
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CARLTON COUNTY. 


The late Keweenawan. Western sandstone. ] 


structure in the overlying rock. In some places a layer of green shale lies between the conglomerate and the 
It is a foot thick. The coarse, pebbly quartzose conglomerate has an estimated thickness of 100 feet. 


Pebbles from the soft, red and crumbling conglomerate that overlies this, consist almost wholly of eruptive 


slates. 
basic materials. This upper conglomerate is well exposed at the mouth of the creek entering the St. Louis 
river S. W. '4 section 1, township 48, range 16. These pebbles seem to show that this conglomerate is later in 
Yet some of these pebbles are 


date than the traps. amygdaloids and porphyries of a part of the Keweenawan. 
not from the eruptive Keweenawan, apd came apparently from the Animikie, and one is a piece of iron pyrite 


which itself embraces grains of rounded quartz and fragments of pyritiferous grit quite similar to the pyrite 
found in such abundance in the underlying quartzose conglomerate, which itself contains no Keweenawan 
Such a piece of pyrite has no known source which can be invoked here, except from the pyrite-bearing 

The 


pebbles. 

quartzose conglomerate underlying, which appears in the valley a short distance higher up the St. Louis. 
strong contrast in the pebbles from these two conglomerates, and especially the occurrence of this pebble of 
siliceous pyrite in the upper one, points to the existence at this place of two conglomerates separated by an 


epoch of great dynamic and volcanic disturbance such that the older strata were ruptured and their debris was 
In short, the lower conglomerate is the bottom of a great quartzyte or sandstone for- 


mingled in the younger. 

mation (Potsdam) in the midst of the accumulation of which the Manitou division of the Keweenawan eruption 

took place, changing the character of the later fragmentals by the admixture of a large percentage of eruptive 
The calcite vein already 


debris, this admixture occurring at irregular intervals, and finally ceasing entirely. 

mentioned, as well as the compact, hardened condition of the older conglomerate, and the fact that the slaty 
structure of the underlying slates produces a roughly similar slaty disintegration extending for some distance 
upward into it, not only point to the production of the slatiness since the formation of the conglomerate, but 
exclude the rock exhibiting such characters from a date later than the Keweenawan eruptions, for none of these 
characters have been seen elsewhere in the lake Superior basin in any clastic rock younger than the Keweena- 


wan eruptives.* 
The late Keweenawan ov Manitou eruptices, Although there is no known expos- 


ure of these rocks in Carlton county (unless the diabase dikes be considered Manitou) 
there is little doubt that they underlie a considerable area in the southeastern part 


They occur near the southern boundary, in Pine county, section 25, 


of the county. 
township 45, range 17, and in Wisconsin about a mile southeastward from the south- 


eastern corner of the county, or, more precisely, southeast corner of section 6, town- 
The formation is mentioned here in order to complete the 


ship 45, range 15, 
geological sequence, these eruptives separating the foregomg conglomerate and light 


sandstone from what followed by a pronounced physical change which causes the 


later sandstones to assume a red color. 
This designation was applied by Irving to all the sand- 


The arestern: sandstone. 
stones westward from Keweenaw point to the St. Louis river, which he supposed to 


be non-conformable upon the Keweenawan; and in the Keweenawan he placed a lot 
of red sandstones, succeeding to the traps, which, with the traps, he believed had 
been upheaved and eroded extensively before the deposition of the western sand- 
Using this term, we cannot adopt Irving’s idea of their stratigraphic rela- 


stones. 
As already stated, the conglomerate and the hght-colored siliceous sandstones 


tions, 

immediately succeeding to it, in the St. Louis valley, are earlier than the later traps, 
but the red sandstones and conglomerates, involving by far the larger amount of 
the sandstones of the St. Louis valley, are more recent than the same traps, and 
followed the traps immediately,--indeed are interbedded with the traps, as will be 


seen by consulting the description of the deep well at Short Line park, Duluth plate. 


*The slaty cleavage noted by Sweet at the falls of Black river, Douglas eounty, Wis., is not a parallel case, since it is 
ascribable to local tilting and faulting, and it, even, is of date earlier than the close of the Keweenawan agitation. Geol. Wis., 


Vol. iii, pp. 340-347. 


16 THE GEOLOGY OF MINNESOTA. 
{Hinckley sandstone. The drift. 


They are, therefore, strictly a part of Irving’s Keweenawan. They are at the same 


time, in fact, inseparably umted with Irving’s western sands#ones and really consti- 
tute his western sandstone as described by him, and are, hence, nearly on the horizon 
of the Hinckley sandstone, into which they graduate upwardly, all of which he 
considered Upper Cambrian. In other words the erosion interval, supposed by him 


to exist between two sandstones, one pre-Cambrian and the other Upper Cambrian, 
disappears entirely, and the two sandstones are shown to be one and the same, and later 
than the traps, though at the bottom interbedded and variously affected by the late 
Keweenawan eruptives. The term western sandstone is, therefore, a geographic 
designation fora limited portion of that great formation whieh Dr. Douglass Hough- 


ton stvled Lake Superior sandstone. 

These beds outcrop in the valley of the St. Louis in sections 1,2 and 12, township 48, range 16, on the 
south blutf of the river, where they are rapidly being eaten into, in consequence of the southeasterly dip, by the 
current of the river. They thus maintain a perpendicular bluff as the undermined masses successively fall off. 
Viewed from the left bank they are seen to be faulted at four places, presenting the aspect seen in the figure, 
plate A. They were struck at the bottom of the deep well at Wrenshall, at a depth of 355 feet, about 80 feet 
above the level of lake Superior. It is seen again in the loop of the Blackhoof river, in township 47, range 17, 
and near Barnum, on the south sides of Bear and Cub lakes, and in the southern banks of Moose lake. West- 
ward from here an isolated remnant of the Hinekley beds has been mentioned in the valley of Kettle river. 

The most of this rock is red, but the further toward the southwest it is examined the more white and 
siliceous it becomes, while at Fond du Lac ¢a short distance east of the Carlton county line, in the St. Louis 


valley) some of its upper layers are quite light colored, 


Hinckley sandstone, The sandstones that sueceed the Manitou eruptive epoch 


are very thick. They are interbedded with much red shale,and they gradually beeome 
light colored, Durmg their accumulation there was a progressive subsidence of the 
land in the region of lake Supenor, bringing the later, light-colored sandstones over 
more and more extended areas, of the older rocks. It was by this means that the 
Archwan schists in the western part of Carlton county were covered by this sand- 
stone. If a continued vertical section of this sandstone could be measured, includ- 
ing all its strata, the thickness would probably be not far from a thousand feet, and 
in Wisconsin if has been estimated at several thousand feet. These clastie strata are 
all certainly thicker on the south side of lake Superior, 

They present but sight exposures in Carlton county and it may be still a question 
whether the outcrop here referred to Is not instead of the age of the Cretaceous. 


Details of observation, On the right bank of Kettle river,a quarter of a mile below the centre of section 


16, township, 46, range 20, is a basal conglomerate of a light-colored sandstone. The total exposure amounts to 


only about 10 feet vertical, and of that thickness the whole cannot be seen at any one spot. The underlying 
rock is the Keewatin, like that seen at the mouth of Otter brook. The ¢reat majority of the included pebbles 
are of the Keewatin adjacent. They are not much rounded, but seem to have been buried nearly tn situ. Other 
pebbles are of white quartz, also angular. In some places is a dark red or brown red color apparent in the 
conglomerate, and in places it varies to a white sandstune. In the drift overlying, which 1s gray and quite 
gravelly, are many kidney iron ore pieces, evidently from the Cretaceous, but these do not appear, so far as 
noticed, in the sandstone. Itis evident that the Cretaceous, as well as the Archean, contributed to the forma- 
tion of the drift sheet of the region. Other traces of the Cretaceous in Carlton county are mentioned in con- 


nection with the description of the drift. 


The Drift. 
The drift of the county had a compound origin, and after first deposition it 
was modified by the action of lake Superior in the southeastern part of the county, 
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Glacial marks. ] 


when that lake stood about 500 feet higher than it does now. There seems to have 
been a northwestern and an eastern source. Characters that point in both directions 


It is probable that the ice-lobe that occupied the 


are found throughout the county. 
basin of lake Superior operated, at the last. later than the ice-sheet that moved in 
There is no very evident morainic belt that 


general from the north or northwest. 
marks any local] halting place for the great early glacier, although as it waned it. is 


probable that its union with the lake Superior ice-lobe as the latter began to take 


individual shape and motion, was marked by a greater accumulation of drift. than 
Such a medial moraine may be expressed by the hilly tract 


was elsewhere deposited. 
of drift that extends across the western part of the Fond du Lae Indian reservation 
In general, however, the western half of the county 


southward as far as Mahtowa. . 
is so smooth that 1t seems unlikely that any morainic belt can be safely located there 
hs ), 


The only exception to. this statement is found in the western part of township 46 


range 21, where a morainic belt about a mile wide runs north and south across the 
But even this may be 


western portion of the town, extending into Aitkin county 
an interlobate moraine, since boulders of gabbro which must have been carried from 


the east are found along the Kettle river about six miles further east. The distribu- 
tion of gabbro boulders, however, is not an unexceptionable guide to the limitation of 
the lake Superior ice-lobe except within the immediate vicinity of the gabbro out- 
1S, “he 


crops, for such boulders are found in the drift. as far south as Minneapolis, where 
Judging from the fact that large 


they must have been carried by the main glacier 
and beyond the limits of 


numbers of gabbro boulders are found further north 
Carlton county, it is safe to conclude that the lake Superior ice-lobe, having in the 


main a westward movement, at least along its northwestern border, must have 
covered the most of Carlton county, and in its retirement it left a remarkable and 


interesting series of records. 


Glactal marks tn Carlton county. 
Half a mile northeast of Otter Creek station, on graywacke and argillyte, (True meridian) N.55° W, 
Same place, another knob, short heavy gouges, - - - - - = ie S. 45° W. 
Same knob, long, isolated heavy cuts, ; - ¢ : . . “ N. 60° W. 
Same knob, heavy cuts, but rather few, - - - - - ‘ N. 45° W. 
Same knob, most abundant, - - - - . : N. 60° W. 
[These are all on a slaty knob whose surface slopes N. aienit 20° E, the neiias 
tion being 30° from the horizon.] 
Thomson, 15-20 rods southeast of the depot, — - - - - - Je . N. 80° W. 
Thomson, 3-6 rods east of the last, - - - - - : . ON, 52° 5° W. 
Thomson, 10 rods west of the dam, - - : 5 N. 70° W. 
Near St. Paul and Duluth railroad, 1g mile west of be St. rants river, anil 
intersected by the next. - - - - - - - - a - N. 70° W. 
: : - - - (True meridian) N.55° 60° W & 80° W. 
= ‘ N. 80° W. 


- 


Near St. Paul and Duluth railroad, 
About 15 rods west of the last, mostly 
with others equally distinct crossing on the same 
surface, . : : : - . S. 60° W., S. 35° W., S. 10° W., S. 20° E., and S. 30° E. 
Carlton, on the street leading to Thomson, - - - : - - (True meridian) N. 80° W. 
One mile west of Carlton, near Northern Pacific railroad - - “ ms S. 50° 65° W. 
; . : me CN. 60° W. EN. 45° W, 


Last railroad cut, 144 miles southeast from Carlton 
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{Earliest Superior outlet. 


Two rods southeast from the last. numerous. (Troe meridian) N. 45° W, 
r, ~ “ a S. S14)? W. 


Again, two rods further southeast. abundant, 
intersected by S. 15° W., S.. and S. 15° Eu each of these courses being repre 


sented by only two or three glacial gouges, 
About three rods further southeast, many vers clear strive, “ - due W, 
we ee S, 0 W’. 


At 2% feet further southeast. 
and partly S. 80? W. and due W, 
The same westward striation is also shown on this southwest side of the cut in 


other places within two rods southeast ward, 
On the northeast side, at the crest of the cut, about 10 rods southeast from the last, 
plentiful, a N. 80° W. 
Crossed by short gouges S..S. 20° E.. and S, 44° EB. 
These cross markings are two to six inches long and numerous, 
About 25 feet northwest from the last the well preserved main striation is “4 s W. to S$, 85° W: 
crossed by a few short glacial marks, ; : "S. BO? BAS. 45° BE’ 
S. 24° W. 


Top of the hill (most eastern) cut by railroad. 114 miles southeast from Carlton. 
Knife Falls. on cravwacke, ss NN. W. 
Near the centre of section S, township 4S, range 16. in the valley of the St 


Louis, the slates exhibit interesting strim. The direction of coarse marks ix south 


28° west. but there are small areas near that have both a northerly and southerly 
direction, and also a more westerly bearing, as if the abrading force had a zigzag 


movement. and an interrupted application. There are alse heavy glacial marks 


that pass west-northwest, on the same surfaces that are coarsely striated a few 
degrees west of south, and north and south, 

One large groove in particular, running southwest, has a slight curvature, and 

Is isolated. It is over two inches wide, and cut as by a rounded gouge to the depth 

of about an inch, tapering and running to 


if 


nothing at each end. its length being 3? feet. 


The stone that made it must have had at onee 
a forward and rotating motion, since there are 
subordinate transverse striw that cease on the 
northwest side, and others that begin on the 
southeast side, thus giving the whole groove a 


sight curvature, Another groove, similar to 


GLACIAL GOUGES 
FIG. 1. 


this, exhibits still plainer the same kind of 


shifting of the boulder, but in’ the opposite direction, Thus although the real 


weregate motion was in the direction of the. striv, yet. the groove actually cut 
The surface here described is illustrated by 


¢ 
varies from it in some places about 15°, 


the figure above. Two large grooves are alongside, and toward the west they 


coalesce, one being cut probably a little later than the other. 

The earliest outlet of the lake Superior basin, It may beassumed safely that the 
drainage from this ice-lobe was toward the south. As long as it passed beyond the 
rim of the basin in which it lay, its waters were carried away by several valleys to 
the Mississippi. viz.: by the Brulé, the St. Croix, the Kettle and the Prairie rivers. 


When it was shrunken so that it lay wholly within that rim a lake rose round its 
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Earliest Superior outlet. ] 
margin and found its discharge at the lowest pass. As the iee withdrew further and 


further the lake increased, and if lower passes over the rim were uncovered this lake 
In the course of this 


immediately was drained to the level of sueh lower passes. 


process the ice-lobe appears to have been for a time nearly stationary in its 
I ¢ « 
It then formed 


retreat, having 1ts margin crossing the centre of Carlton county. 


the morainic belt represented on the plate of the county. which passes through 
townships 46, 47, $8 and 49, ranges 18 and 19 west. At this time the drainage of the 
western portion of the ice was through the Moose valley to the Kettle river. There 


isan ancient channel, more or less boulder-paved. through which the St. Paul and 


Duluth railroad has been built. extending from Carlton to a short distance south of 
The glacial 


Moose lake, where the sand plains about Sturgeon lake commence. 
For some time the waters 


stream which filled this valley here unloaded its debris. 
of the St. Louis valley were prevented, by the lake Superior iee-lobe and its 
terminal moraine, from following the present course of the St. Louis river below 
Carlton. As the ice retired this drainage course was somewhat augmented and indi- 
vidualized, but it shifted its position from the small valley at) present oceupied by 
the upper waters of the Moose river (at Mahtowa) to a position southeastward from 
Mahtowa, where it remained sufficiently long to make a very pronounced and 
characteristic channel in the still slowly accumulating drift deposits. This channel, 
as represented on the plate. crosses the morainic deposits diagonally and unites with 
the Moose valley at Barnum. Its highest point. over which the infant Superior had 
its first discharge, is 523 feet above the present level of lake Superior. This outlet 
was occupied until the next lower outlet was opened, a period of time probably com- 
paratively short. The small lake that was thus drained was a marginal one and the 
ice-lobe had its western limit quite near. That is to say, since the next lower outlet 
must have been still obstructed, viz.: that existing in township 46, range IS, the ice 
margin must have passed obliquely across the county, and the small lake was an 
elongated one, covering not more than 80 square miles. [t ineluded the central and. 


northeastern part of township 48, range I¢. the eastern part of township 49, range 
The region 


17, and probably some of the western part of township £9. range 16. 
drained by the St. Louis, whether iee-covered or not. found its discharge by this 
old channel, through this narrow lake. (Plate C.) 

As soon as the second “waste wier” was uncovered this lake was tmmediately 
drained entirely. For a period whose length there is no meens of measuring the 
St. Louis flowed to the Mississippi by way of the Otter ereek valley and the Black- 
hoof, reaching this lower outlet by entering first another lake whose size was destined 
to grow to considerable dimensions. This later lake covered the Nemadji valley, - 
extending northward so as to include the St. Louis valley, at least that portion of it 


ee ee 8 


2) THE GEOLOGY OF MINNESOTA. 
{The Nemadji lake. 


that hes eastward from the east line of Carlton county. [ts exact northern boundary 


in Carlton county has not been determined. In the viemity of Carlton and = north- 


ward and southeastward there is a confuston of beaches and plateaux which it has 


not been possible to individualize by detailed study. Some of them belong to the old 


St. Louis. some to the earliest lake. and some to the Nemadji lake.* The outlet of 


glacial lake Nemadji is quite marked. It passes throngh sections 16 and 17 town- 
ship 48, range 18, where a boulder-paved swamp extends from the headwaters of 
Portage river to those of the Nemadji. Brush-lined sloughs on section 17 indicate 
that water flows both into the Nemadji and into the Portage. This valley is com- 
parable to that which connects lakes Traverse and Big Stone, the ancient dramage 
course of lake Agassiz, at the western side of Minnesota. It hes about 100° feet 


below the upland, at the farm of L.C. Nighsonger, S. W. 4 seetion 18, township 46, 
range 1S, and there it shows a boulder-strewn bench which rises about 15 feet above 


It is not likely that this represents a terrace, but is caused by an 


the bottom. 
The chan- 


unusually stony spot in the till through which the channel was formed. 
nel throughout is about a quarter of a mile wide at the bottom, and the boulder- 


pavement is frequently covered with muck, 
During the prevalence of the Nemadji lake the many streams that enter the 
This 


west end of lake Superior were carrying into it a large amount of sediment. 
process continued with very little change while the outlet was through the Bois 


Brulé valley to the St. Croix. This sediment was derived from the freshly laid sheet 
of drift that covered the country round about. The till that underlies the Nemadji 
valley is red, and was derived very largely from the rocks of the Keweenawan toward 


the east, but the sediment that lies on it, forming a laminated clay to the depth of 


5 to 50 feet, came more generally from the west. On the weathered surface this 


lacustrine clay is red, much like the red till, but at} Wrenshall, on the Northern 


Pacific railroad southeast from Carlton, its color changes to gray at a depth of a few 
feet, and the bricks that are there made from it are of a light cream color. In that 


particular it is somuch like the gray or “blue” clays of the western part of the state, 


which have a large ingredient of Cretaceous debris, that they seem to have had, mn 


part at least, a common source. It has been inferred, therefore, that probably the 


Cretaceous formerly extended over the region and has been destroyed by the severity 


* Mr. Upham has often mentioned the “Western Superior Glacial lake,” having its outlet at a still lower level by the Bois 
Brulé and upper St. Croix rivers through western Wisconsin, but as these outlets are higher they drained lakes having an earlier 
date, which should receive, according to the current practice of Pleistocene geologists distinguishing names. The earlier one 
may appropriately be called the St. Louis glacial lake, and the later Nemadji. Of these two outlets the lower one is the more 
distinct. It is a curious coincidence that its point of passing across the divide in township 46, range 1& has the same elevation as 
given (Geol. Nat Hist. Sur. Minn., vol. ii, final report, p. 642) by Mr. Upham for the outlet at the Bois Brulé. As, however, this 
beach line is known to ascend toward the east at the rate of at least three inches per mile, the distance separating these outlets beng 
about forty miles, it is reasonable to place that outlet, when it drained lake Superior, at least 10 feet lower than the Nemadji 
outlet, and it may have been considerably more. No accurate levelling has been done to ascertain the elevation of the Nemad)} 
outlet. It is only by a series of general aneroids and eye-sketching that its altitude is made 1,070 feet. : 

“ Near Holyoke, which is about 30 miles west of the outlet at the head of the Bois Brulé and St. Croix rivers, the successive 
lake levels, indicated by the beach ridges observed, and provisionally referred to the Western Superior lake, are about 52u, 500 and 


455 feet above lake Superior, corresponding well with the slightly inclined planes of the Duluth and Mt. Josephine shores, and 
 UpHaM. Twenty-second Annual Report, p. 59. 


indicating the lowest water surface of about 455 feet. at the outlet 
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CARLTON COUNTY. 


Clays. ] 


of the glacial abrasion. This is not the only indication of former Cretaceous strata 
in Carlton county. In the nooks of the Thomson slates, as cut by the railroad near 


the St. Louis river, occurs a fine blue clay lying below a foot or two of fine Jaminated 


red clay; and at some drift bluffs on the St. Louis, north from Carlton county, a blue 
stratified clay lies below laminated red clay. In the western part of the county, 


furthermore, Cretaceous debris, in the form of the well-known limonitic crusts and 


kidney iron ore balls, is quite common along the Kettle river. 


Detailed descriptions. Brick clay at Wrenshall. In the vicinity of Wrenshall are five brick-making 


establishments, viz: M. J. Rushfeldt, Jaggar & Hanft, Fred Habhaggar, The Kelly Brick and Tile company and 
the Duluth Brick and Tile company. The clay, which is essentially the same at all these establishments, has, 
at the pit of the Kelly Brick and Tile company, a thickness of about 40 feet, of which the lowest 30 feet are 
blue and the rest red, or brownish yellow. According to Mr. Kelly the well which was here sunk to the sand- 
stone, 350 feet from the surface, passed only through gravel and sand after penetrating the laminated clay. 
This, however, is exceptional, if not improbable. Water rises to within 85 feet of the surface. 

The surface of the Jaminated clay, for the depth of a few feet, is more or less broken up and mingled with 
pebbles, due probably to the action of the retiring beach line of the lake and floating ice. This is the condition 
of this clay sometimes to the depth of 10 or 12 feet. Such change makes it a “pebbly clay,” and this may have 


been the cause of some other “pebbly clays” of other regions: at any rate this pebbly condition fades out down- 


ward gradatim as the clay loses its stratification upwardly. 

On the very surface, moreover, are other signs of beach action, such as gravel, coarse and fine, and a sandy 
gravel that in one place extends downward for six or eight feet below the upper level of the clay. 

In the clay are rare stones, one of which was seen two and a half feet across. They are usually rounded, 
and were probably dropped by icebergs or by floes while the clay was being formed.* Such stones might be carried 
from the beach at the present time from the vicinity of Duluth, and therefore do not here prove glacial condi- 
tions. If, however, they are found near the line of junction of the laminated clay with the till, they might . 
have been deposited there by the glacier as its margin retreated. 

The change from gray or blue below to brown or yellowish-red above is apparently an effect of weathering, 
the water that caused the change passing along some of the more sandy Jamin. producing red bands in the blue 
and often broad rusty belts, or concretionary forms, some of the last being two and three feet in diameter, and oval 
or globular. Such hardened and stained parts simulate logs and woody fibre, representing annual growths about 
a central pith. They usually accompany the stratification, but sometimes they swell out into the more clayey 
strata and produce a banded coloration that crosses the laminw so as to confuse the structure, and even to cause 
it to appear to take a different direction suddenly in a manner of “false bedding.” On close Inspection, however, 
it can be seen that this is little more than a coloration due to creeping of iron stain into the clay, and that the 
real stratification laminz ran on through it without deflection. In some cases, still, the staining process has 

This then is also followed, on washed surfaces, by a 


caused a hardening coincident with the staining bands. 
projection of the oxidized hardened forms beyond the other less changed parts, which adds to the deceptive 


appearance. Even here the lines of the original strata are traceable diagonally through the hardened portion, 
proving there was no original irregularity in the sedimentation. 

This laminated clay, when blue, makes cream-colored brick. But the top is changed chemically so as to 
make a red brick. In the upper 10 or 15 feet the lime is separated from the tron and is seenin the form of 
limy concretions (plate C), while the iron is a peroxide, producing the general ochery and cherry-red stains, The 
protoxide condition of the iron below 10 or 15 feet seems to ally this clay to that blue clay seen at Minneapolis 
and Chaska, which has been attributed to the intermixture of Cretaceous elements, this being another 


indication that Cretaceous strata once covered this region. 

This clay extends generally under the flat region. It is about 300 feet above the flaton which Superior 
city is located. The Wrenshall station is 1044 feet above tide, and when Nemadji lake outflowed by way of 
Moose lake the water at Wrenshall had a depth of about 25 feet. 

The strata in this clay are sometimes disturbed and crumpled, somewhat like the brick clay seen above 
Minneapolis in the Mississippi valley,f and at Coon creek in Anoka county. This crumpling has been attributed 
to later glacial action, but it is not supposed that glaciers returned over the Nemadji valley after the formation 
of this clay. There may have been, however, such fluctuations in the Nemadji glacier that after the laminated 
clay was formed it was crowded and crumpled over wide belts but not entirely disrupted and destroyed. 

Kames. There are several long, narrow, drift ridges largely composed of gravel, in the county. One runs 
through sections 22 and 23, township 48, range 18, in a direction about southeast; one on section 26, township 49, 
range 17, bears nearly south; those on sections 8 and 9, township 47, range 17, run about southwest. There are a 


eee 


*Similar phenomena are seen in the lacustrine clay about the west end of lake Erie, as described by the writer 25 years ago 


in the Ohio reports. , 
t+ Volume ii, of this report, p. 300, fig. 22. 


THE GEOLOGY OF MINNESOTA, 
[Feonomic resources, 


number of ridges of similar character running southwestward]y ino the western part of the Nemadji valley, 
and they appear to mark the points of exit of large glacial streams from the Superior basin into the valley south- 
westward, when the ice covered the most of the Nemadji valley. 

There are several interesting localities that should receive further examination and study, viz. 

Sections Land 2, township 47, range IS. when the northeastern end of the abandoned channel has been 
tilled with sand and gravel probably by the later stream following the Blackhoof valley: the kame, plateau and 
channels between Carlton and Cloquet, sections 23, 25, 26 and 27. township 48. range 18; the numerous sand and 
eravel ridges in sections 2.3.8, 9 and 10, township 48. range 17: the rounded hills whose hight is about 1.200 
feet, on sections 7, 17 and 18, township 48, range 16: and on section 12. township 48. range 17: the gravel banks 
lodged on the west side of the rocks in section 10, township $8, range 17: and on the cast side of the rocks near 
the Northern Pacific railroad, in section 7, township 48, range 16: the channel through township 47. range 18, 
with its east end dammed by sand and gravel. from the later streams on section 12. township 47, range L8: the 
evidence of post glacial wash all along the valley from Carlton to) Moose lake: the banks of the Blaekhoof and 
Nemadji rivers from section 9 township 47, range 17, to the state boundary and castward: the terrace and other 
features and the channel bank east of the Blackhoof through section 31. township 48, range 17. and: sections 6, 


They are found 


7 and 18, township 47, range 17, 
A few are so 


Springs are numerous throughout the county except in the flat lands of the western part. 
in the banks of nearly every stream, and often upon the lake shores and at the foot of eravel hills. 
large as to form: streams at once several feet ino width. Such are: 
Near the northwest corner of section 26, township 1. range 17 


(1) 
(2) Near the northwest corner of section 30, township 48, range 17, 
(3) On sections 1. 15 and 21, township 48. range 16. 
(4) On section 3%, township 46. range 17, 
(>) On section 12, township dv, range 1s, 
(6) On NL WL ty NW. ty section 27, township 46. range 1S, 
22. township 46, ranwe 1S, 


(7) On N. By S. WE. section 22, 


And doubtless many exist that have not been discovered, 
\ small sulphur spring, leaving a white deposit on the rocks and giving off sulphuretted hydrogen, was 


noticed near the water in the north bank of the St. Louts river. ina crevice of the sandstone rocks near the east 
The sulphur of this spring was thought to be derived from the 


line of section 1, township 48, range 16. 
decomposition of some of the abundant pyrite in the conglomerates near by. 
Chalvbeate springs are quite common, Thes are often derived from the drainage through the pgravel of 
This is well shown in the banks of Rusty brook, a small tributary of Hasty brook, 
A short distance south of this spring is an extensive muskeg separated 
from the brook by a low, sandy ridge. The water of the brook has a most repulsive appearance, flowing over its 
It has a strong inky taste. and has attracted many visitors in the hope of. finding 


abundant ocherous deposits. 
The organic acids derived from the muskeg cause the precipitation from the water of the iron it 


the water of some muskeg, 


on section 5, township 49, range 20. 


iron ore. 
contains. and it appears as sesquioxide at the springs based on it as a reservoir. In some localities quite exten- 
sive deposits of ochre or “paint rock,” and of bog ore are thus formed, 

Leonomie resources, Several attempts have been made to make roofing slate 


4 


of the slates m the valley of the St. Louis river, but thus far they have not been 


The material is rather hard and brittle, and too much intersected by 


fruitful. 
There 


seams, Tt may be, however, that some more pliable portions may be used. 
isa large exposure of softer slate on the left bank of the St Louis river. about halfa 


mile above the crossing of the Duluth and Winnipeg railroad, and in general where 


the quartzose conglomerate lies on these slates they are more soft, but in general 


also more sectile and suitable for pencils. 

The clay which covers the Nemadji basin is excellent for brick, of which it 
makes a light, cream-colored article, which is constantly becoming known. for its 
excellence, and is sent to distant points. This country is covered, fortunately, with 
a forest of sufficient volume to supply the needed fuel for many years. This forest 


has already supphed a large amount of white pine, and contains still mueh more. 


Brick have also been made at Barnum by Mr. Win. Oliver and others. 
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CARLTON COUNTY. 


Gold. Copper. ] 
In this county there has been considerable “prospecting” for gold and silver. 


The numerous veins of pyritiferous quartz have tempted many to expense in shallow 


shafting. Some of these localities are as follows: 

N. BE. ty N. BL 'y section 36, township 49, range 16. 

Section 6, township 48, range 16. 

Section 16, township 48, range 16. 

Section 32, township 46, ranze 29 (west bank of the river). 

Section 4, township 45, range 20 (east bank of the river). 

Sections 4,5 and 8, township 47, range 18, 

N. W. 'y section 2, township 48, range 16. 

Section 10, township 48, range 16 (on the islands). 

N. W. !4 section 16, township 46, range 29, 

The vein of graphite, reported by Schoolcraft at the end of the Knife falls port- 
age, remains undeveloped, Yet there has been some excavation on a graphitie 
quartzose vein near the river, on the east side, on N. Kk. | N. i. d section 31, lot 1, 
This mineral is quite, common in small quantities, often 


At the working on section 31, the vein in which graphite is 
The vein 


township 49, range 16. 


associated with calcite. 
found is about 12 inches wide, and the excavation is about 20 feet deep. 


itself is of quartz, cutting the slates. and has much disseminated plumbaginous 


matter, but has no promise of econonue value. 

Nuggets of metaltic copper, Tn the digging of the well of Dr. Thomas, at Moose 
Lake. a piece of copper was found that is said to have weighed about 50° pounds. 
According to Frank Cole, formerly engineer of the St. Paul and Duluth railroad, 
many pieces of native copper were found tn the drift im grading the railroad from 
Carlton to Cloquet, the aggregate being nearly or quite a ton. There were many 
It lay in the clay, or at the foot of the clay bluffs where the grade 


hundred pieces. 
approaches them at about three miles north from Carlton, and among gravel and 


stones that constitute the paved surface over which the St. Louis river formerly ran, 


all the way from Carlton. 
At Otter Creck Station, according to Mr. H. M. Waldorf, a piece weighing sev- 


eral hundred pounds was found in the gravel pit. 
For general agriculture the county is almost unknown, but it is capable of 
There are a few good farms, and the county is destined to 


extended cultivation. 
About Mahtowa. and southeastward from Barnum. are some 


have many more. 


attractive farming locations, 

Note. Mr. 8. J. Basve is authority for the following: He exhibited a red, hard cupriferous conglomerate 
mass Which he stated was obtained on section 30, township 46. range 18. According to his description it occurs 
In a ravine, largely under water, extending 12 or 16 feet. It rises into a small bluff further east, but has not 
been seen by any member of the survey. The pebbles in this conglomerate are quartz-porphyry. felsvte or 
fine granite. 

Note of rock outerops in Pine county. Since the report on Pine county was published (vol. ii), several 
localities have been noted of rock outerops not mentioned in that report, but visited by Mr, Ayres, viz.: 

Section 29, township 44. range 21, in the N. W. 44, near the north line of the section, a red granitic rock 
It is but slightly exposed on a gentle eastward slope, with numerous boulders of the same material. 


occurs, 
Section 30, township 44, range 21, S. KB. % of the S. BE. 'Y%, a similar rock appears having a slight exposure. 


THE GEOLOGY OF MINNESOTA. 


[Rock samples. 


In the northeastern corner of section 21 
ward, and also forming outcrops on the north and south sides of the creek, is a greenish diabasic rock, somewhat 
porphyritic, possessing some of the lithological features of the rocks at Duluth and eastward, and at the dalles 
In the vicinity are numerous angwlar blocks of buff sandstone which also 


», township 45, range 17, along the valley of a creek flowing west- 


of the St. Croix at Taylor's Falls. 
probably underlies the immediate vicinity. 
On Pine river, S. BE. ty S. BE. ty section 20, township 44, range 21, sandstone occursin outcrop, Tt is mostly 


below the level of high water, the strata being horizontal and thin bedded, 
On a branch of Willow river, section 1, township 44, range 19, the Hinckley sandstone extends half a mile, 


rising ten feet along the river. 


Rock samples collected ine Carlton county. 


Nos. 443 510; 1607 1614; 1969-1975; 


1977-1979; 2079 2091. 
Series of ATL Ba ftman, Nos, 264, 265, 
Series of J, be Spurr. No, USE. 
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CHAPTER IT. 


THE GEOLOGY OF AITKIN COUNTY, 


By WARREN UPHAM. 


Situation and area, Aitkin county (plate 57) lies m the northeastern part of 
the interior of Minnesota, about midway between lake Itasca and the west end of 


lake Superior. The Mississippi river flows through its northern and western portion, 
and the town of Aitkin, which is the county seat and most important centre of 
population, is situated near the south bank of this river, lying on both sides of its 
tributary, the Mud river, at a distance of tive miles east from the west boundary of 
the county. 

- Measured by straight lines, the distances from Aitkin in three directions to the 
chief commercial cities of Minnesota and its borders are the following: to Saint 
Paul and Minneapolis, shghtly east of south, about 110 miles; to Duluth. and West 
Superior, slightly north of east, eighty miles; and to Moorhead and Fargo, a little 
to the north of west, 150 miles. 

Excepting a deficiency of three townships which mostly he in the southern part 


of the large lake called Mille Lacs and belong to the county of that name, Aitkin 
Its length from south to north is ten townships (43 to 52 


county forms a rectangle. 
Its 


north from the parallel forming the south line of Wisconsin), or sixty miles, 
width south of the Mississippi is six ranges (22 to 27 west. from the fifth principal 
meridian), or thirty-six miles. North of this river, where the third guide meridian 
is the west boundary, the townships of range 27 lack about two miles, and that part 


of the county has a width of about thirty-four miles. 
The area of Aitkin county is 1,994.97 square miles, or 1,276,752.38 acres, of which 
111,090.48 acres are covered by water. 
SURFACE FEATURES. 


Natural drainage. Vhis county lies chiefly within the drainage basin of the 


upper Mississippi river. 


Outside that basin an area of about 3800 square miles, on 
the southeast, is drained by streams flowing to the Kettle river and by the upper 


part of the Snake river, whieh are tributaries of the St. Croix and thereby send 
their waters into the Mississippi; and, at the southwest, a land area a few miles wide 


adjoining Mille Laes is tributary to that lake and to Rum river. 


26) THE GEOLOGY OF MINNESOTA, 
(Natural drainage. 


From the west the Mississippi receives in’ Aitkin county, in their order from 
northeast to southwest, the Willow river, the White EIk brook, and the Little 
Willow river, The drainage areas of the two Jatter are comprised wholly in this, 
county; but the Willow river basin extends considerably bevond the county Lines on 
the north and west, and ineludes among its farthest sources many lakes and lakelets 
In Cass county. The Hilland Moose rivers are tributaries of the Willow and supply 
to it large portions of its annual Jog-drives. From the east and south the affluents 
of the Mississippi in this county are the Swan river, whose basin lies mostly in [tasea 
county: Sandy river, flowing through Sandy lake. which also receives the waters of 
the Prairie river and of its branches, the West Savanna cor Savanne) and Tamarack 
rivers, the sources of the Prairie and the Tamarack being in St. Louis and Carlton 
counties: the Riee river. and Sisabagama or Missagony creck, each lying wholly in 
Aitkin county: and the Mud river and Cedar creek, together draining a region of 
many lakes and receiving their head streams from Crow Wing county. 

The Mississippi here flows ina general south and southwest direetion, but. has 


almost countless meandering curves that carry it alternately a half mile. more or less, 
to each side of the central course. [ts low alluvial belt of fine silt formed by depo- 
sition from the river floods is thus crossed many times by the stream. and the basal 
portions of some of ifs curves have been brought very close together by the erosion 
of the river banks. Such curves, usually called “ox-bows.” require the steamboat 
; 
and log-drives to pass in some places around a distance of one to two miles, where a 
canoe or light boat with its contents is quickly transferred by a portage across the 
intervening neck of Jand, Which oceasionally is only a few rods wide. At ordinary 
stages of low water, and far more during the highest floods, the current is continually 


wearing away the upstream side of the portage isthmus, until at last the base of the 
river's loop is cut entirely across, The stream then takes the slightly more inclined 
and straighter course where the portage formerly was, and the ends of the old chan- 


nel loop beeome gradually filled ap with alluvial silt. 

Lukes. Numerous long and narrow, often horseshoe-shaped lakes, formed im 
the manner described, by the foregoing paragraph. lie in abandoned parts of the 
ancient Channels of the Mississippi. For these lakes of the alluvial land adjoinmg 
the river the name “logans” has been in common use in Aitkin county and along 


other parts of the upper Mississippi during the twenty-five vears or more since the 
region was first invaded by lumbermen., Ino New England sneh lakes are called 
“mnoats,” and this term: is recommended by Prof. N.S. Shaler for general use by 
geologists in deseribing lakes of this class. * 

Examples of these lakes are the Berry logan. on the south side of the Missis- 


*U. 8. Geol Survey, Tenth Annual Report, for [888-'89, pp. 276-278, with a Map of typical “ox-bow cut-offs" or moats of the 


lower Mississippi river. 
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sippi two miles northwest of Aitkin; the Horseshoe logan, in the S. E. 4 of sec. 6 and 
the N. E. 4 of sec. 7, T. 47-26, on the northwest side of the Mississippi about four 
miles from Aitkin on the road to Willow river and Sandy lake; the Rice River logan, 
crossed by the north line of see. 4 of this township, lying east of the Mississippi and 
close north of the mouth of Rice river, formerly used as a reservoir for logs; and the 
Big logan, as it is known to lumbermen, west of the Mississippi in the east part of 
sec. 21, T. 48-26, two and a half niles north of the last. 

About a mile west from the mouth of the Rice river, a portage named from 
that stream crosses an extremely narrow isthmus, now only about one rod in width at 
the top of the steep banks of the Mississippi, where at no distant time a new logan will 
doubtless be formed, being left on the south side of the shortened river course. Two 
other very short portages are made across the necks of ox-bow peninsulas about a 
mile south and a lke distance east of Mr. L. G. Seavey’s ranch, which is situated on 
the Willow river at the bridge of the Aitkin and Sandy Lake road, the former being 
knqwn as the Willow River portage, and the latter as the Sioux portage. Probably 
ere long in each of these places the river will leave the looped parts of its channel 


to become logans. 
Among the drift-enclosed lakes of Minnesota,* the next to the largest, exceeded 


only by Red lake, is Mille Laes, having an area of about 200 square miles, of which 
The extreme 


the northern half, approximately, is comprised in Aitkin county. 
A careful measurement on 


Huctuation of the level of this lake is four or five feet. 
the township plats shows that the entire area enclosed within the watershed of 
Mille Lacs is 400 square miles, very nearly, and that the lake itself oceupies almost 
The farthest rainfall draming into the lake is only five or 


exactly half of this area. 

six miles distant from its shores, and for an extent of several miles along the 

middle part of its north side the width of the land whose waters 
Perhaps no other lake in 


are tributary to 


the lake is no more than one to one and a half miles, 
the United States, having so large size and situated like this at the head of an 
important river, bears so large a proportion to its drainage basin, 

The depth of Mille Lacs, aecording to soundings by Mr. F. B. Sumner, assistant 
with Prof. H. F. Naehtrieb and Dr. Albert: Schneider in their investigations of 
the lacustrine fauna of this district durmg the year 1892. and by Mr. Robbins, a 
former Indian agent now living near the southwest shore, appears to range mainly 


from twenty to fifty feet, and its maximum is reported to be eighty-four feet. Neat 
the shores the water is very shallow. [In many places a man may wade out a 
quarter of a mile, and probably the average depth at a nnole from the shore is no 


more than twenty or twenty-five feet. 


ee 


* For a classification of the lakes of Minnesota, see vol. i, p. 130. 
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During storms and any time of high winds raising considerable waves, the 
water of this lake, to a distance varving mostly from fifty to a hundred rods or 
farther off shore is roiled and turbid with very fine sand and mud held in’ sus- 
pension, While at a greater distance out in the Jake the water is seen to be still 


clear, with a very noticeable contrast of color between the turbid and clear portions. 


To this rolled condition of the shallow water T attribute the remarkable and 


frequent mortality which eauses many fish, mostly species of pike or pickerel, 


perch, and tullibee, to die and float ashore. These ill-fated individuals, of whom 


hundreds may sometimes be counted along a few miles of the lake beach, T suppose 
to have become bewildered in the sandy and muddy water and to have remained 
sO long mit that death resulted from injury to their delicate gills or from a 
film gathering there and producing suffocation. | 

The southern half of Mille Laces comprises about a dozen islands, mostly near 


Several of them consist chiefly of: wave-washed boulders, but others 


the shore, 
Two stand far 


of larger size have a soil of tilh or boulder-clay and are wooded. 
out in the lake. three or four miles from the nearest shore and from each other, 
namely, Prisoner's island on the east, so called from some tradition of Hennepin 
enforced stay here in the year 1680 with the Sioux Indians, and Spirit. island, 
on the west. The latter, some thirty feet high, is the highest island in the lake. It 
ix reported to consist of an outerop of the bed rock and to receive its name from 
the superstitious dread or awe with which it is regarded by the Chippewas or 
Qjibways who vanquished and drove away the Sioux, and now oecupy the reser- 
vation bordering the south part of the lake in’ Mille Laes county. 

Of the 220 other lakes and lakelets shown by the government plats of Aitkin 
county, Sandy lake (figure 2) 1s the first in size and also is the most interesting 
in the geologie and topographic features of its shores, long projecting peninsulas 
and several islands, composed of the glacial and modified drift, and in its assocla- 
tions with the history of discovery and early exploration in this region, when, for 
nearly a hundred and fifty years, the Canadian voyageurs, fur traders and pioneer 
nussionaries were its only white travelers and inhabitants. After passing from 
Montreal along the Great Lakes to the head of lake Superior, the voyageurs ascended 
the St. Louis river about fifty miles to its most western bend, where it is less than 
twenty-five miles distant from the Mississippi at the mouth of Sandy lake and 
river. Tis intervening tract was crossed by ascending the East Savanna river 
to its sources Ina large swampy meadow or savanna, through which, for the final 
mile or more, an artificial canal was made, portaging thence about three miles 
to the West Savanna river in see, 7, T. 50 22, and descending the latter stream 


to Prairie river, Sandy lake and the Mississippi. Along this route, during more 
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than a century, supplies were brought for the trading posts of the Hudson’s Bay 
Company on the upper Mississippi and throughout a very large area farther north-— 
west; and the returning canoes,.coming back over the same route, were laden with 
rich furs destined for Montreal and the more distant markets of England and conti- 
nental Europe. Cellar holes are still pointed out on the narrow tract of gravel 


and sand between the Mississippi and the last quarter of a mile of the Sandy river, 


FIG. 2. SANDY LAKE AND ITS VICINITY. 


marking the sites of former trading posts of the Hudson’s Bay, Northwestern, and 


American fur companies. The only permanent lodges of Indians remaining in 


Aitkin county are twenty or more in this vicinity, within the distance of a mile 
southeastward to the mouth of Sandy lake. 

A dam on the Sandy river nearly midway between its mouth and this lake is 
now being built by the United States government, as a part of the reservoir system 
of the upper Mississippi for increasing the flow along the lower portion of the river 
during its low stages. According to the surveys for this work, the drainage basin of 
Sandy lake has an area of 385 square miles; and the area of the lake at its ordinary 
low stage is 8.91* square miles, or approximately 5,700 acres, its ratio to the drainage 
area being 1.43,* nearly. The dam will have a vertical storage capacity of fifteen 


feet, but only two-thirds of this will be used, as it is not intended to flow the lake 


at any time more than ten feet from its lowest stage. Above this flowage level, the 


* According to my measurement on township plats. 
4 
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dam will shut out the Inghest floods of the Mississippi, which rarely have risen, as 
Levelling by the United States 


in the spring of ISSS, to a light of fourteen feet. 
210 feet above the sea, 


engineers determines the hight of the Mississippr here as 1: 
and of Sandy lake about five inehes more, each being taken at the extreme stage of 


low water. The depth of Sandy lake has not been ascertained by sounding, but is 
thought to range from ten to twenty-five feet in the central and wider portions 


Rice river receives the outflow of nine lakes ranging from one to four miles in length, namely, Rice 


lake, so named for its crops of wild rice (Zizania aquatica), Long and Dam lakes, the latter name referring 
: Portage lake, a few 


to the low, ice-formed ridges of gravel and sand on its shores, especially at its mouth 
miles east of Kimberly, bordered by picturesque morainic hills: and Manomin (meaning wild rice) lake, with 


four others, in T. 48 2, 
Clear and Rabbit lakes, exceptionally beautiful, with very clear water and enclosed by high shores, the 
Rabbit lake and 


latter having several peninsulas and one or more islands, lie in the southwest part of T. 46 
five or six pretty lakes and lakelets in the north part of T. 46 26, including Ten lake (so named from its being 
mainly in sec. 10), Sisabagama, Nordin, and Nord lakes, are tributary, either by outlet streams or by outflow 

through’ swamps or through the porous drift deposits, to the Sisabayama or Missagony creck 
Next in order westward, the Mud river receives tributary waters from nearly half a hundred lakes and 
lakelets. Its most remote sources are a series of lakes, through several of which it Hows, in T. 45 28, Crow Wing 
county. In its further course, lying in this county, the Mud river dows through Farm Island lake, about three 
miles long and two miles wide; Pine, Hickory, and Spirit lakes, situated in a closely connected series joined to 
each other and to Furm Island lake by short tracts of stream having a gentle current and only very slight fall; 
and Elm Island, Mud, Diamond and Hanging Kettle lakes, ranging, except the third, which is the smallest, from 
one and a half miles to one ee in length, joined like the foregoing, in another series of only slightly decreasing 
hight. Rice lake, in sec. 2, Hazelton, and Bass lake, in sec. 10, T. 46 27, outtlow by short streams to the Mud 
river. The former of these se, like numerous other lakes throughout this region, is named from its wild rice, and 
the latter from its black bass fishing, in which its reputation surpasses the dozens of other lakes of this 
Lone lake, lying a half mile south of Elm Island and Mud lakes and 


county in which the same fish abounds. 
about forty tive feet higher, bordered on the north and east by a level sand and gravel plain ten to fifteen feet 


above its surface, has no visible outlet; but it probably supplies the water of large chalybeate springs W hich 
The waximum depth of Lone 


issue close south of the road, near the middle of the south side of Mud lake 


lake, in its narrows, is reported to be sixty feet. 

Cedar lake, about four miles long, and of remarkably irregular outlines, named from the red cedars 
which in scanty numbers are found on its hilly shores and islands, presents very attractive tishing. It outflows 
we i 


to the Mississippi by the Cedar creek, Whose head stream in Deerwood township, Crow Wing county, flows from 

Hamlet and Portage lakes. . 
The two most considerable lakes in Aitkin county tributary to Mille Lacs are Hazelton or Echo lake and 
Round lake, in the southwest part of Hazelton township, each nearly two miles long and surrounded by mostly 
Kale island, in Hazelton lake, on which a pair of eagles have nested during several recent years, 


high shores. Eagle island, 
is separated from the northwest shore, there a projecting low gravel and sand ridge of modern ice accumulation, 
by only a very narrow strait. Soundings of these lakes by Mr. F. B. Sumner, gave for Hazelton lake a 


maximum depth of thirty-six feet, and for Round lake ninety-one feet: the latter being found deeper than any 
The outlet from Hazelton and Round Jakes 


other one of many lakes sounded in southwestern Aitkin county. 
to Mille Lacs flows through Borden lake in Crow Wing county, w hich, according to Mr. Sumner, has several 
islands and a maximum depth of forty-two feet. 

The southeastern quarter or third part of Aitkin county has few lakes, the most worthy of mention being 


the long and narrow northeastwardly trending Pine lakes, in the east edge of the most southeastern township 


of this county. 
Northwest of the Mississippi several notable lakes lie in this district, as Blind lake, about two miles long 
in the north part of the fractional T. 48-27, mainly enclosed by a large swamp, and having no outlet as 1s 
implied by its name; Esquagemaw, or Little Willow, and Waukenabo lakes, outflowing respectively by the west 
and east forks of the Little Willow river; Round lake; White Elk or Guide lake, at the head of the White Elk 
brook; Shovel lake, tributary by a very short outlet to the Willow river and Hill or Poquodenaw lake, four 
miles long and averaging a third of a mile wide, outflowing by the Hill river into the Willow. East from the 
meridian of Waukenabo and Poquodenaw lakes to the Mississippi is a prevailingly swampy tract of four or five 
townships which have few or no lakes, 

When this county shall have become generally occupied by farms, which quite surely within the next 
century will displace the forest and open wide views across extensive cultivated and pastured fields, its plentiful 


lakes will be much prized for their utility and for their elements of beauty and diversity in the landscape. 
Topography. The greater part of Aitkin county has a nearly level or only 
moderately undulating or rolling surface; but some portions are occupied by morainic 
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drift hills which usually are twenty-five to seventy-five feet high and rarely rise 
100 to 250 feet above the adjoining streams and lakes. The least altitudes in 
this area are on the southeast and west, where the Snake river, branches of the 


Kettle river, and the Mississippi; cross the county boundaries; and the highest 
point is the Poquodenaw “mountain,” as it is commonly called, in allusion to 
which the Hill river and lake receive their names, situated in sec. 25, T. 52-26, 


not quite five miles south of the north line of the county. From the lowest lands 
on the streams mentioned, about 1,150 feet.at the southeast, and 1,185 feet at the 
west, above the sea, to the top of Poquodenaw, estimated 1,525 feet above the same 


level, there is a vertical range of less than 400 feet. 
Along the northern and eastern shores of Mille Lacs no tracts higher than 
twenty to thirty feet above the lake are visible. A few miles distant from this 


lake, its watershed, gently undulating and often swampy on the east and north- 
east, but in part formed of hilly morainic drift on the northwest, rises 50 to 100 
feet above the lake or 1,300 to 1,350 feet above the sea. From this watershed 
the country tributary to the St. Croix river has a slight general slope toward the 


southeast, sinking along the water courses to about 1,150 feet above the sea on 
the southern and eastern lines of Aitkin county. Toward the north, in the drain- 


age area of the Mississippi, a rather Inlly contour extends nearly to Aitkin. 
Northeastward from the Mille Lacs watershed, a somewhat hilly belt extends 
past Kimberly and Portage lake to Sandy lake and thence northerly along the east 
side of the Mississippi to Bald bluff and Hobo lake in T. 52-23, a few miles south 
of the mouth of Swan river and the north line of Aitkin county. Farther east, 
the watershed dividing the Mississippi basin from that of the Kettle river and from 


the East Savanna and Floodwood rivers has no conspicuous elevations, and consists 
in many places of swamps. Its average hight is about 1,300 feet above the sea, being 
no more than 100 feet above the Mississippi, from which it 1s ten to twenty-five miles 


distant, except where it extends into Carlton and St. Louis counties in passing 
around the headwaters of the Prairie river. 

The Mississippi has accomplished little erosion along all its course in this county; 
but instead, having begun to flow in the lowest depression of the drift-covered sur- 
face at the close of the Ice age, generally bordered by very gentle slopes on each 
side, it has covered the bottom of this broad and shallow valley with a level 


plain of alluvium, usually a half mile to one mile wide. 
Northwestward the original surface of the drift, ascending very slowly from 


the alluvial belt, is often so flat or somewhat depressed on considerable tracts that 
they have become mantled by shallow, peaty swamps. Ten totwenty miles from the 


Mississippi, however, morainic hills are again found, mostly low and seldom com- 
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manding any extensive veiw in this wholly wooded) region, but culminating at the 
north in the Poquodenaw hill or “mountain.” Though this hill has an elevation 
only about 250 feet above the lakes and rivers near its base, it is conspicuously 
higher than the low hills and undulations of its neighborhood, and overlooks a 
wide and beautiful prospect of far-stretehing forest, dotted here and there with 


lakes and with very rare cleared and cultivated spots adjoinimg the lumbermen’s 


camps. 
Blevations, Northern Pacifie railroad, 


From profiles in the office of S. D. Mason, engineer, and Richard Relf, assistant engineer, St. Paul. 
Miles from Feet above 
Duluth.® the sea. 


Tamarack (formerly Sicotte’s) station, : : : 61.6 1,271 
Hay river, bed, 1,228: yrade, " : : ; is : 69.7 1,238 
Summit, natural surface, ‘ ; : é 66.3 1,244 
Hay river, second crossing, bed, 1,222: grade, : 67.) 1,232 
Sandy river, bed, 1219: grade, : : : ; 68.8 1,228 
Mec(ireyor, = . i s s : : , 70.7 1,228 
Portage Jake, grade, ; : : 79.9 1,220 
Summit, natural surface, . . . Ti4 1,266 
Kimberly, - - ° 79.6 1,237 
Rice river, bed, L200: water, L213: vrade, 80.0) 1,226 
Summit, natural surface, : - 84.3 1,254 
Rossburg, - : . 4 1,222 
Sisabagama erce!, bed, L206: grade, 87.0 1,214 
Summit, natural surface, - a : : SS_8 1,241 
Mud river, bed, 1,191; water, 1,193: grade, : : : 91.3 1,26 
Aitkin, - - - - - . 915 1,208 
Outlet of Pickerel Jake, bed, 1,208: lake, L2L0: grade, - : : 973.2 1,215 
Little Bass, Dogfish, and Clear lakes, passed in next mile west, 93.5 D0 1,206-1,204 
Summit, natural surface, - - - - - : 3 93.7 1,224 
Cedar creek, bed, 1,199: water, 1,200; grade, : : : : 95,1 1,212 
Cedar lake, water at ordinary low stage, . . : : %),1 1,201 
96.3 1,222 


Cedar lake station, - 
Duluth, Mississippt River & Northern railroad. (Great Northern.) 


From profile in the office of the Swan River Logging Company. 


Miles from Feet above 
Swan River Mills. the sea. 
Swan River Logging Co.’s mills and landing, : : ’ 3 0.0 1,242 
Swan river, near its mouth, water, 1.226: grade, E 3 . 0.4 1,241 
Summit level, cutting 5 feet; grade, 5 : : ' . 21 30 1,271 
Swan river, second crossing, water, 1,252: grade, : : d 25 1,26] 
- 6.7 1,293 


Swan River station, crossing the Duluth & Winnipey railroad, 


Duluth & Winnipeg railroad. (Great Northern.) 
From profile in the oflice of Alex. Stewart, engineer, Duluth. 
In the northeastern corner of Aitkin county this railroad, passing diagonally across sec, 1, T. 52-22, has 
an elevation of 1,260 feet, this being in a large swamp, partly bearing tamarack and spruce, and partly an open 
bog, through which ditches have been cut to carry off the surplus water in spring to the Flood wood river. 


Mississtppt river, Sandy lake, and Mille Laes. 


From levelling by U.S. engineers, under the direction of Maj. C. J. Allen, St. Paul; and from 


the foregoing railroad surveys. 
Feet above 
the sea. 


- 1,236 


Mouth of Split Hand creek, ordinary low stage, — - 5 
: : : - . ; 1,226 


Mouth of Swan river, ordinary low stage, 
* Distances are by the new line of this railroad, passing through West Superior to Carlton, being 4.5 miles greater than by 


the St. Paul & Duluth railroad line, which was formerly used by this company. 
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ID Alor, Mouth of Sandy river, low and high water, . oe : : - : 2 1,210-1,224 
“ Sandy lake lowest stage, - - a : 3 : : z : 1,210.4 
Hspiednts: Level of proposed reservoir flowage of Sandy lake : : ; : : 1,220 
Top of Sandy lake dam, - - : : : ; é : : 1,225 
Werlangs Mississippi river at Aitkin, low and high water, - - 1,190-1,200 
ae Mouth of Pine river, ordinary low stage, : : ; 1,177 
ee Mille Lacs, ordinary stage, 1,251; extreme low and Aik water, — - : : - 1,249 -1,254 
whet Other lukes in Atthin county. 
Approximate estimates of the elevations of other lakes in this county are as follows 
Feet above 
Tributary to the Willow river— the sea. 
Paul Hill or Poquodenaw lake, : " : : : : , : : 1,260 
Fas Shovel lake, - - - - - - - - - - 1,300 
trv Tributary to the White Elk ae 
ea White Elk or Guide lake, g : : : é E : ‘ : 1,290 
Ls Tributary to Little Willow river — 
12H Esquagemaw and Waukenabo lakes, — - : - : : - - . 1,250 
Tributary tothe Rice river— 
en Rice lake, . : : : : : : 2 : : : : 1,230 
a Dam lake, - : : ‘ : : : : : x : - 1,240 
, Long lake, : : e : : ; é , ; i : : 1,250 
y Portage lake, - : : - : . £ é 2 : : 1,216 
ir Lake Manomin, : : ; : : j Z : : - é 1,210 
Hp Tributary to Mud river-- | 
f Farm Island, Pine, Hickory and Spirit lakes, - - - . - . 1,255 -1,250 
M Elm Island, Mud, Diamond and bees Kettle lakes, . 1,210 -1,206 
| Lone lake, ‘ : : é 1,250 
Tributary to Cedar creek— 
Cedar lake, - : : : : : : - : : : 1,201 
Tributary to Mille Lacs-- 
Round lake, - : : : z : ‘ : - - : 1,260 
. Hazelton or Echo lake, é ‘ = : ‘ : : . : : 1,265 
Tributary to Pine and Kettle rivers 
y - - - - - - 1,140 


Pine lakes, in the southeast corner of the county, 
Estimates of the average hights of the townships of Aitkin county, based on the eal lines of plate 
28); T. 49 22, 1.275: T. 48 -22, 1,280; 


22,1, 
22, 1,220: T. 52-23, 1,275; T. 51-23, 


o7, are as follows: p2 -22, 1,265 feet above the sea; T.51 22, 1,285; T. 50- 

T. 47-22, 1,310; T. 46-22 (Beaver), 1.275; T. 45 22, 1,250; T. 44 22, 1,240; T. 43 22, 

1,300; T. 50-23, 1, a 2: T. 49-23, 1,250; T. 48 -23, 1,250; T. 47-23, 1,275: T. 46-23, 1,300; T. 45-23, 1.310; T. 44-23, ase 
T. 43-23, 1,220; T. ! 52 24,1,270; T. 51-24, 1,265: T. 50-24, 1,260; T. 49 24, 1.255: T. 48 24, 1,260; T. 47 24, 1,250 
T. 46-24, 1,275; T. ia 24, 1,320: T. 44 24, 1,310; T. 43 24, 1,275: T. 52-25, re T. 51-35, 1,270: T. 50-25, ae 
T. 49. 25, 1,240: T. 48 25, 1,235: T. 47-25 (Kimberly), 1,270: T. 46 25, 1,285: T. 45 25, 1,290: T. 44 25, 1,290; T. 52-26, 
1,325; T. 51-26, 1,290: 7 d0- 26, 1,300: T. 49-26, 1,280: T. 48 26, 1,230: T. 47-26, ion T. 46-26 (north half of Nord- 
land), 1,260; T. 45.26 (south half of Nordland), 1,255: T. 44.26 (wholly in Mille Laces), 1,251; T. 52-27, 1,360; 
T. 51 -27, 1,375; T. 50-27, 1,350; T. 49-27, 1,310; T. 48-27, 1,250; T. 47 27 (Aitkin), 1,220; T. 46-27, 1,265; T. 45-27 
(Hazelton), 1,280; and T. 44-27 (mostly in Mille Lacs, with land in portions of secs. 4 to 7, forming the southwest 


corner of Hazelton township), 1,252. 


From these estimates the mean elevation of the county is found to be 1,273 


feet, but perhaps it may better be stated in round numbers as 1,275 feet, above 


mean sea level. 

Soil and timber. Vf, with the plentiful Jakes and streams of Aitkin county, we 
exclude also, as uncultivatable, its freguent swamps and bogs, covering perhaps a 
quarter or third of its whole land area, nearly all the remaining surface possesses a 
rich and durable soil, well adapted for agriculture. Since the Northern Pacific rail- 
road was built through this county in 1871, an experience of more than twenty years 
in farming has shown that all crops and all farm stock properly belonging to this 
latitude can be successfully raised here. Up to the present time the leading busi- 
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ness interests have heen those of lumber production, but in the near future the 
fertile lands of all portions of this county will undoubtedly attract a large immigra- 


tion of permanent settlers who will clear farms, build good roads, and found villages 


and schools in every township. 

The areas of till have everywhere a very) productive dark soil, a foot or more 
in depth, in which the proportion of boulders and gravel is usually not so great as 
to hinder plowing. © This soil is: readily permeable to rains, and in dry seasons 
gradually yields its moisture to growing crops, so that they are rarely or never 
harmed by the moderate droughts which occasionally oeeur in summer, Gentle 
slopes and good natural drainage generally permit: early sowing and planting, and 
the season of growth between the latest frosts of spring and the first in autum is 
usually about four months. permitting a great variety of farm crops to be well 


matured and ripened, Only small parts of the till areas, consisting of morainic 
ridges and hills, have too abundant boulders and too steep slopes to be available for 
cultivation: and these tracts. when cleared, are suitable for pasturage. Hay Is a 


natural product of the district, for portions of many of the streams are bordered by 
moist lands, froma few reds to a half-mile in width, bearing a luxuriant growth 
of tall meadow grasses which make one to two tons or more of hay per acre. All 
other parts of the county are more or less wooded, and it: has no tracts of open dry 
prairie. Many of the swamps now enclosed by higher ground are capable of drain- 
age by ditches and will then rank as the most valuable farming Tand., 

Somewhat less desirable generally than the foregoing are the tracts of sand and 
gravel called modified dinft, which here usually havea black soil several inches deep, 
yielding well during a few years of cultivation, but afterward requiring fertilization 
to prevent exhaustion. No very large areas of these deposits exist in Aitkin county, 
which consists more largely of til than most other parts of the country traversed 
by the Northern Pacifie railroad between Carlton and the vicinity of Frazee and 
Detroit in southwestern Becker county. a distance of about 175 miles, 

The species of trees most valued are the white and Norway pines. The latter, 
though almost universally known by this name, does not occur in Norway nor in 
Europe, and should be more properly called the red pine, from its reddish or tan- 
colored bark. These trees here seldom form extensive tracts of forest, unmixed with 
other species; and probably no more than a quarter part of the country originally 
bore merchantable pine, previous to its being stripped by lumbering. Where the 
white pine grows in abundance and of large size, it is an unfailing sign that the soil 
is till, but far the greater part of the till areas are mainly or solely occupied by a 
hardwood forest. of many deciduous species, and these also often or generally are 
intermingled with the white pine. Apparently the most clayey till tends to bear only 
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hardwood, while rather gravelly and sandy till invites the growth of white pine, and 
extremely sandy till, which sometimes forms portions of the moraine belts and even 


of the general sheet of glacial drift in this region, bears both white and Norway pines 
in varying proportions. Coming to a change of soil from the till to the modified 
drift, the white pines are usually found to be limited to the former, perhaps growing 
intermingled with hardwood if the land is very clayey or with the Norway or red 
pine if there is less clay. On the sand and gravel areas of the modified drift, 
especially where they are somewhat rolling or hilly, the red pine has its best devel- 
opment, occasionally forming stately groves. A third and smaller species of this 
genus, the Banksian or Jack pine, which is valued for fuel and is coming to be 
used for frame timber but not for board-sawing, grows almost exclusively on these 


tracts of sand and gravel, either mixed with the red pine or alone. 
The alluvial lands bordering the Mississippi bear only very rare pines, but three 
other coniferous and evergreen trees, namely, the spruce, balsam fir, and arbor-vite, 


the latter commonly called “white cedar,” are occasionally found on such small 
portions of these lands as are swampy, and they often are plentiful, with tamarack, 
in the freyuent swamps throneh all the county. None of these is utilized in any 


considerable degree as sawn lumber, but the arbor-vitwe commands a good price 


for use as posts and telegraph poles. Nearly all the alluvium has a dry surface, 


excepting when it is overflowed by the river floods due to snow-melting and rains 
in spring, and bears a magnificent dense forest which consists chiefly of white and 
red elms, basswood, sugar and silver or soft maples, and white and black ash. 

On the higher tracts of till the forest comprises, besides the foregoing, the 
common poplar or aspen, the large-toothed and balsam poplars, canoe birch, 
white, bur and black oaks, ironwood, the wild plum, and black cherry. The com- 
mon poplar and canoe birch are much used by immigrants for the construction 


of log houses. Among the rarer species of trees are the cottonwood, sometimes 
found along the Mississippi, and the red cedar, which oceurs on the islands and 


shores of Farm Island and Cedar lakes. 

An undergrowth of many shrubs and small trees is found throughout the woods 
of this region, including the common and beaked hazel-nuts, dwarfed bur and black 
oaks, bird cherry and choke cherry, two species of mountain ash, Juneberry, rasp- 
berry, prickly and smooth gooseberries, black currant, and several species of cornel 


or dogwood, of honeysuckle, and of viburnum or arrow-wood, one of the last 


being the bush cranberry. Prickly ash and the frost grape are somewhat frequent 
about Mille Lacs and northward to Sandy lake, but there attain approximately 


their northeastern limits. Blueberries of the dwarf or low species abound in all 
parts of the county, growing often in exceptional profusion where the pine woods 


have been cut and the refuse tops and branches burned: 
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GEOLOGICAL STRUCTURE, 

Only three rock outcrops have been found within Aitkin county, one being 
quartyzte, and the other two, situated close together, exposures of a dike of diabase. 
The quartzyte, which may underlie a large area of the drift, seems referable to 
the Taconic era; but Archwan rocks probably occupy a considerable tract in the 
"southeastern part of this county, extending thence east and south into Pine and 
Kanabee counties. These very ancient rocks are undoubtedly in) some_ places, 
and perhaps very generally, overlain by a sheht thickness of Cretaceous beds, 
and above all the dnft is spread as a universal mantle, Deseriptions of the several 
geologic formations are presented in the ensuing pages in the order 6f their age, 


beginning with the oldest. 
Between the Snake river and Cowan's brook, in the south edge of Aitkin county, the glacial 


Grenite. 
drift in the S. E. ly see. 34 T. 43 23, has in some places very plentiful blocks of a tine grained, gray granite, 
containing black mica. This Archiean formation is doubtless the bed rock there at a little depth below the 
surface. Within a mile southwestward, and thence for nearly three miles down the Snake river, past its upper 
and lower falls in northern Kanabee county, Archivan yranites, schists and gneiss have many and extensive 


outcrops. 

Quartzyte. This rock forms a slightly projecting point of the northwestern shore of Dam lake, near the 
centre of the W. ', sec. 39, Kimberly, T. 47 2, about three miles south fron Kimberly station and eleven miles 
east of Aitkin. IJts outcrop has a length of about 250 feet along the shore and varies in width from fifteen to 
fifty or sixty feet, rising toa hight of four or five feet above the lake. Through all its extent the rock is much 
fractured into separate boulder like masses from one or two feet up to ten or rarely twelve feet in diameter, 
lying in close contact with only very scanty foreign drift: boulders of granitic, trappean and other crystalline 
rocks such as abound in the drift of all this district and even in the immediate vicinity of the outcrop. 
Boulders of the quartzyte, however, are very rare in the drift, and the yreat abundance of its masses. at this 
locality shows unquestionably that it is here the bed rock, although no compact ledge is seen. The shattered 
condition of its whole observable extent seems probably attributable to preglacial weathering of the rock at 
and near this place to form low cliffs with many boulders due to gradual digintegration along crevices and 
joint planes. During the Glacial period some, or perhaps all, of these quartzyte masses may have been 
transported short distances, but the very small proportion of boulders of other rocks mingled with the quartzyte 


indicates that its blocks are in or near their preglacial position. 
In its original condition this rock was a sandstone of well-rounded white quartz grains mostly from & 


The spaces between the grains have become filled with similar 


thirtieth to a tenth of an inch in diameter. 
white quartz, and the rock is now a very compact light gray quartzyte, varying rarely in superficial portions 


to a partially reddish color where tron peroxide coats the sand grains and stains the interstitial quartz. Some 
of the grains, ranging froin less than one per cent. up to twenty or twenty-five per cent. have a lavender color, 
in which respect, and in its general lithologic aspect. this rock resembles certain portions of the Pokegama 
quartzyte, the formation most intimately associated with the extensive deposits of iron ore along the Mesabi 
range. The nearest partof that quartzyte belt lies ata distance of nearly fifty miles to the north, outcropping 
at the Pokegama falls of the Mississippi and stretching thence east northeast ward, 

Apparently the most probable hypothesis that we can assume in attempting to correlate this Aitkin 
county quartzyte with the stratigraphic sequence of rock formations ascertained elsewhere in all the sur- 
rounding country, Is to suppose it to be a part of some area, very probably a belt having a general east-northeast 
to west-southwest extension of the Pokegama formation, which is regarded as the basal member of the Taconic 
series. There may be, according to this hypothesis, a wide and shallow synclinal trough of the quartzyte with 
its northern arm resting on the southern slope of the Giant's range, and its southern rim represented by the 
locality here described. The dip and strike of the strata, however, were not determinable in this place, since 
no distinct lines of bedding were observed in any of these quartzyte masses; and their irregular forms, although 
evidently due to joint structure, indicate that the formation here is not traversed by any regular systems of 


parallel and intersecting joints. 
Mostly the shores of Dam lake are gravelly, with few or no boulders, but nearly all of the surrounding 


land is till. Back from the quartzyte outcrop the surface is somewhat uneven till, rising from tive to ten or 
twenty feet above the lake within an eighth of a mile, well covered by a moderately large, dense growth of 


hardwood forest. 

Diabase. About three miles southwest from the exposure of the quartzyte, two outcrops of nearly black, 
rather coarse-grained, very hard and tough diabase occur in the S. W. 14 sec. 9, T. 46 25, within about a fourth 
of a mile west from the south end of Long lake and some twenty or twenty-tive feet above it. A foot trail 
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leading from Rabbit lake northeasterly to Dam lake passes over the western and larger outcrop, which has a 
mooth and somewhat flat extent of about 100 feet from southwest to northeast, with a maximum width of 
i ift. This trap rock shows no 


s 

thirty feet, rising only one to two feet above the general surface of the glacial drift 

traces of flow or shear structure, nor any noteworthy variation in the degree of coarseness of its crystalline 
It belongs doubtless to the central portion of a dike of undetermined but 


texture, throughout its visible area. ! 
probably not very great width, whose borders and contact with the country rock on each side, presumably 


quartzyte, are hidden by the drift. 
The course of the dike is probably from southwest to northeast, for a second exposure of the same rock 


s found at a distance of about twenty rods farther northeast, divided from the foregoing by a slight depression 
The length of this outcrop is about thirty feet, 


of five feet in which there is a grove of several large poplars. 
It is partly smooth and even with the adjacent drift 


also trending northeastward, and its width fifteen feet. 
surface, some two or three feet above the hollow at the poplar grove: but it also has some fractured spots, on 


which lie a few boulders or angular masses of the diabase, three to five feet in diameter. 
Both outcrops are cut in many directions by numerous joints, nearly vertical or steeply inclined, among 
Slight weathering of these rock surfaces has removed their glacial 


which no prevailing system is observable. : 
striation; but the diabase appears to have been more durable to resist decay than the enclosing strata of the 
country rock, for which reason the dike remains with a greater hight and projects through the drift sheet. 
A wooded hill of the drift rises within a distance of about a quarter of a mile northeastward to a hight of forty 
feet or more above the trap outcrops, which lie in a tract having only bushes and scattering small trees. An 
examination for a considerable distance around failed to discover other rock exposures, but very probably some 


of small extent will be found if the land should be cleared for cultivation or pasturage 
Mr. Car] E. Taylor, who guided me to these diabase outcrops and to other localities of interest in this 


southern part of the county, writes under date of October 9, 1894, that he has found another outcrop of the 
same, or closely similar rovk in the vast edge of the S. E. 1g of this sec. 9, T. 46-25, some ten rods from the 
eastern shore of Long lake, having an exposure of about ten feet vertically, with a brook flowing along its 


south side and emptying into the lake. 

The time of the volcanic or more deeply seated plutonic intrusion of the trap rock here cannot be 
definitely stated. Quite probably it may have been contemporaneous with the intrusive laccolitic sills of 
diabase in the Animikie and Keweenawan sedimentary formations on the northwest coast of lake Superior. 
Dr. A. C. Lawson concludes that those trap sheets and dikes, mostly similar to the diabase in Aitkin county, 
are of some undetermined age subsequent to the Keweenawan period, which was in the later part of the 
Taconic era.* They may belong, however, to a very late stage of this era, before its great upper series of detrital 


and volcanic rocks was completed. 
Cretaceous beds. Although no outcrops of Cretaceous strata have been found 


in Aitkin county, it seems highly probable that shales of this age remain in many 
places, perhaps upon the greater part of this area, beneath the drift. Fifteen 
years ago Prof. N. H. Winchell wrote: 


A line drawn from the west end of Hunter’s Island, on the Canadian boundary line, southward to 
Minneapolis, and thence southeastwardly through Rechester to the Iowa state line, would in general, separate 
in which i s. It is not here 


that part of the state in which the Cretaceous is not known to exist from that in which it does 
intended to convey the idea that the whole state west of this line is spread over with the Cretaceous, because 
there are many places where the drift lies directly on the Silurian or earlier rocks; but throughout this part of 


the state the Cretaceous exists at least in patches, and perhaps once existed continuously.f 
This opinion has been well contirmed, and notably by Mr. H. V. Winchell’s recent discoveries of Creta 


ceous shales at several places thirty-five to forty-five miles northeast of Aitkin county, along the elevated 


Mesabi range.t The Cretaceous marine submergence of this region appears thus to have extended eastward 
A large part of the clay of the glacial drift here was doubtless 


at least to the present site of lake Superior. 
derived by erosion from Cretaceous shales, and their calcareous matter supplied to the drift may principally 


account for its small amount held in solution by wells and springs in this county, making their water somewhat 
“hard” and unfit for use in washing with soap. 
Glacial and modified drift. 
The average thickness of the drift in this county is probably between 100 and 
150 feet, this estimate being based on its ascertained thickness in other parts of the 
state. Wells here obtain ample supplies of water at depths seldom exceeding 


* Bulletin No. 8 of this Survey. The aspect of samples brought by Mr. Upham is more like that of an Archmwan greenstone 


than a Keweenawan diahase.—N. H. 
t+ Bulletins of the Minnesota Avade my of Natural Sciences, vol. i, p. 348. 


} American Geologist, vol. xii, pp. 220-223, Oct., 1893. 
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twenty or thirty feet, and not one has passed through the drift. Its least thick- 


nesses are on the tract having a few outcrops of the bed-rocks three to six miles 


south and southwest of Wimberly and in the southeast part of the county, where 


Archwan rocks rise nearly or quite to the surface, 

The boulders and gravel of the drift represent a great variety of rocks which are 
known m outcrops toward the north, northeast, and east-northeast. Granite boul- 
ders are nearly everywhere the most abundant, ineluding usually two-thirds ora 
larger share of all above one foot in diameter; gneiss, crystalline schists, gabbro, 


diabase, and other trappean rocks are frequent; but quartzyte, sandstone, and lme- 


stone are very rare. 

No glacial strie were found on the few rock outcrops seen; but the prevailing 
currents of the ice-sheet on this area are known by the directions of transportation 
of the drift to have been from the north and northeast. The northwestern drift 


which overspreads the western and southwestern half of Minnesota, containing a 

considerable proportion of magnesian limestone boulders from formations known in 
the vicinity of Winnipeg, reached its eastern limit somewhat west of this county. 

The largest one of the few limestone boulders observed was found by Benjamin Lamere in plowing on his 

farm near Hickory postotlce, in sec. 26, T. 46 27. This mass, about three feet in diameter, is a bluish gray, very 

It contains pyrite in sparsely disseminated, minute 


compact and hard, much jointed magnesian limestone, 
grains, and in a few places nodules chietly consisting of pyrite fill cavities a half inch or more in diameter, from 
’ bes ; . . 
The source of this and of the other limestone boulders found 


which the limestone had been dissolved away. 
very seantly in this county may have been the limestone bands of small extent which are found in the Keewatin 


series near Ovishke Muncie lake.* 

The exceedingly small ingredient of limestone in the drift appears insufficient, as before noted, to produce 
even the slight degree of hardness of the water of this district, which, therefore, seems attributable to erosion 
of Cretaceous beds. This conclusion is suggested also by the following analysis of the water of Mille Laces by 
Prof. James A. Dodge, for this survey.f : ; 

Analysis of the residue from evaporation of the water of Mille Lacs. 


ae Grains per Gallon. Percentage. 

Silica, - : - - . 2400 3.8) 
Carbonate of lime, : f : ; ‘ . : 31355 98 07 
Sulphate of lime, | . : ; ; ; 105] 5 
Carbonate of magnesia, a : , : : 3 1580 8.62 
Oxide of iron, : : : ‘ : : ; ; 1389 1.26 
Carbonate of potash, 3 : ; . ; ; 3346 3.03 
Carbonate of soda, : : ; : 14 11.09 
Chloride of sodium, 2 : . : : : 08}7 "4 
Organic matter, ; , : : ; 9 445 29 40 

- - - 10.8745 100.00 


Total residue, : . 
Professor Dodge adds: “In regard to the above figures, it is to be noted that the amount of solid residue 


taken as a whole is not great, compared with that from many waters in this state: that the amounts of lime and 
magnesia (existing In the water as bicarbonates) are but moderate; that sulphates and chlorides are almost 
wanting: and that the water is a/kaline, by virtue of the presence of the carbonate of potash and soda. Upon 
concentration of this water in a platinum dish a ready and decided test is obtained by litmus and turmeric 
papers. Further, it was found that nitrates and phosphates are absent. No special examination of the organic 


matter was made.” 
ns : if . c oF Try oe . ° - . 
Ti, Unstratified glacial drift, called till, which was laid down directly by the 


ice-sheet without. modification by water transportation, assorting, and deposition i 


*Sixteenth Annual Report, p. 9. Rock sample 1369. Another outcrop of the same is known in Morrison county. 


+ Tenth Annual Report, p. 20. 
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beds, occupies probably two-thirds or at least the larger part of this county. In this 
part of the state the boulders are so plentiful that they are sprinkled numerously 


on its surface, yet usually not more than the farmer needs to use, for the foundations 
of buildings and for his cellar and well. They are seldom abundant enough to 


make walls for the fields, as in New England. 

The till is prevailingly dark and somewhat bluish-gray at considerable depths; 
but it is changed by weathering at the surface and downward commonly five or 
ten feet to a yellowtsh-gray, due to the complete oxidation and hydration of its 
small ingredient of iron, which at still greater depths is mostly in protoxide and 
In Beaver (T. 46-22) the till has mainly a reddish tint, which 


anhydrous conditions. 
doubtless also characterizes it generally throughout the southeastern part of the 


county, due to the red sandstones and shales of Fond du Lac and the lake Superior 
Thence 


basin, and the red volcanic and sedimentary rocks of the same region. 
eastward to Duluth and Superior, the red color of the till is found to gradually 


increase in intensity, until the proportion of hematite in the drift about the west 


end of lake Superior is apparently several times greater than in Beaver township. 
Previous pages of this chapter have noted the fertility of the soil upon the till 
areas, and their usually moderately undulating contour and gentle slopes, which 
afford excellent drainage and add to their desirability as choice farming lands. They 
are wooded and have therefore not. been so early selected for homesteads or purchase 
as the prairie lands farther south and west in this state, but they appear to be 
of fully equal value; and it is to be remarked that for the farmer beginning with 
little capital their timber supplies his buildings and his fuel, and may often be 
made a source of revenue while the gradual process of clearing his land goes on. 
Terminal moraines. Aitkin county is crossed by two belts of knolly and hilly till, 
with far more abundant boulders than are found on its smooth tracts before described. 
These belts were accumulated along the border of the ice-sheet during the stages of 
halt or slight reiidvance interrupting its general retreat at the close of the Glacial] 
period. Throughout the greater part of the duration of the ice-sheet, its currents 
upon this area probably flowed approximately from north to south; but when the ice 
became thin under its final surface melting or ablation, the movements of its 
marginal portion were deflected perpendicularly toward its boundary. Wherever 
the vicissitudes of the wavering climate caused the waning border to remain nearly 
stationary during several years the outflow of the ice to its melting steep frontal 


slope brought and deposited much drift which had been englacial and had become 
As these 


superglacial, being exposed on the surface of the departing ice-sheet. 
marginal accumulations of drift record the position of the terminal line of the ice- 
sheet when they were formed, the name terminal moraines has been usually applied 
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to them, but they also may very properly be called retreatal or recessional moraines. 

A belt of moraine drift, chiefly til with many boulders, in hills and irregular 
ridges 00 to 100 feet above the intervening hollows and frequent lakelets, enters this 
district from Crow Wing county bordering the northwest side of Mille Lacs. Thence 
it extends with a width of five to ten miles northward to Cedar lake and to the lakes 


surrounding Deerwood in Crow Wing county, having in this part an unusual expan- 


~sion and probably marking a northwestwardly re-entrant angle of the ice border. 


In sec. 380 and the edges of adjoining sections in Hazelton (T. 45-27), comprising 
the area bounded by Round, Hazelton and Birch Jakes, the hills of this moraine are 
developed in typical profusion and irregularity, attaining hights of 100 feet or more 
above these lakes. They are similarly prominent west and north of Farm Island, 
Pine and Hickory lakes. beg especially well seen from the west Mille Lacs road one 


to two miles north of Hickory postoffice. About the southern part of Cedar lake 


these moraimie hills abound and reach elevations 100 to 150 feet above this lake or 
1,300 to 1,350 feet above the sea. 

Passing from Farm Island and Cedar lakes eastward, the moraine has a width 
of about five miles, comprising the northern two-thirds of T. 46 27, nearly the same 
part of the northern township of Nordland (T. 46 26), the southern edge of the next 
township on the north and considerable portions of T. 46-25 and of Kimberly 
(T, 47-25). ° In the southern part of this lilly morainie belt lie Hanging Kettle, 


Diamond and Mud lakes, the northern part of Elm Island lake, and Cranberry, 


Rabbit, Long and Dam lakes. At the “northeast corner of Kimberly the moraine 


has a fine development in many bouldery hills upon a width of two or three 
miles next northwest and north of Portage lake, being there crossed by the Northern 
Pacific railroad. 

If ny correlation IS correct, the vicinity of Portaye lake belongs toa second 
re-entrant angle, with its apex pointing northeastward, from which the moraine, 
mostly less conspicuous, turns back and passes by the east side of Dam lake, forms 
high hills south of Sugar lake, and thence approximately coincides with the eastern 
watershed of Mille Lacs, until in the southern edge of Aitkin county it curves 


around to an east and northeast course, passing into Pine county as the hilly belt 


enclosing the Pine lakes. The series of low drift hills thus traced is provisionally 


regarded, in the descriptions of its portions in Crow Wing and Pine counties (volume 
1), as the continuation of the Fergus Falls moraine, which is the eighth in the series 
of eleven moraines recognized and mapped in their geographic and chronologic 
succession, crossing the southern and western part of this state. 

In northwestern Pine county this moraine is well developed from the Pine lakes 
northeast to the Kettle river; and farther northeastward I believe that it is repre- 
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sented by a belt of somewhat hilly drift extending along the east side of the Moose 
Horn river in southern Carlton county, through T. 46-19, and into Mahtowa (T. 47-18); 
but thence probably it turns back from a re-entrant angle of the ice front and runs 
southward through T. 46-18, and eastward past Oak and Net lakes in the north edge 
of Pine county, to cross the state line nearly on the watershed between the Nemadji 
and St. Croix basins. A tract of moderately hilly till which I observed one to three 
miles east of Barnum, and its extension southward by Bear, Hanging Horns, Moose 
Horn, Long and Moose lakes, belong to this looped morainic belt; and another 
portion, consisting partially of till with a somewhat rolling surface, but in larger 
part of low kame-like accumulations of sand and gravel, is crossed by the Great 
Northern railway in its first three miles southwest of Holyoke. 
Such correlation of these morainic tracts seems to be harmonious with the 


course of the outer moraines in northwestern Wisconsin west and north of the 
driftless area, as mapped by Chamberlin.* It also accords well with the directions 
of glacial stria found very abundant and distinct on the plentiful rock outcrops 


in the vicinity of Carlton, Thomson, Duluth, and Two Harbors, which run prevail- 
ingly west-southwestward, but in very many places also display wide deflections to 
the southwest and south and to the west and even north-northwest. The divergent 
and variable glacial currents by which these stri# were made doubtless belonged 
to the time of recession of the ice-border across that district. We thus learn that 
the rapidly wasting ice, in its departure from the western end of the lake Superior 


basin, had a definitely lobate front similar to the looped course assigned to this 
moraine in Aitkin, Carlton, and Pine counties. Between the times of formation 
of the eighth and ninth or Fergus Falls and Leaf Hills moraines, as these names 


are here used, the area of these extraordinary divergent and often intersecting 


strize was uncovered by the glacial retreat. 
It is further to be remarked that, if the courses of the two moraines of Aitkin 


county are rightly traced eastward, as noted in the foregoing and following 
pages, the earliest outlet from the Western Superior glacial lake, held for a time 
by the barrier of the waning ice-sheet still occupying the central and eastern 
part of that lake basin, probably flowed across the divide between the head streams 
of the Bois Brulé and St. Croix rivers, where a remarkable eroded channel is found 
as described in the chapter on Pine county.t The indentation of the ice-front 
north of the Wisconsin driftless area at the time of formation of the first or Alta- 
mont moraine points decisively to the melting backward of a great re-entrant angle 
in the ice boundary upon the country between Duluth and Ashland, including 
the place of the Bois Brulé-St. Croix outlet, at a time previous to the melting of 


*U. 8. Geol. Survey, Third An. Rep., for 1881-'82, plates xxviii and xxxv. 
t Vol. ii, pp. 642, 643. 
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the ice upon the district reaching west from that outlet to Aitkin county. The 
correlations given here and in the second volume of the final report imply the 
probable beginning of the Western Superior ice-dammed lake between the times 
of formation of the seventh and eighth or Dovre and Fergus Falls moraines, But 
after the accumulation of the Jatter and before the time of the next or Leaf Hills 
moraine, the ice-melting in the western portion of the lake Superior basin and 
thence west to the Mississippi river was very rapid, so that the greater part of 
Aitkin county, the whole of Carlton county, and the country from Duluth north 


to Grand, Wild Rice. and Island lakes, and from Two Harbors north to Highland 


station, were uncovered from the departing ice-sheet. According to the probable 


duration of lake Agassiz, estimated to have been only about 1.000) years.* in which 
the stave between the Fergus Falls and Leaf Hills moraines was a small fraction, 
this retreat of the ice from Aitkin and Carlton counties and the west end of lake 
Superior appears to have oceupied no more than a century, or perhaps only half 
a century. 

The next halt or reidvance of the ice-border was at the belt of prevailingly 


knolly and ridged and in part prominently hilly drift, whieh extends through 


northern Aitkin county. This belt is probably the representative of the ninth or 
Leaf Hills moraine which in Otter Tail county is partially united with the Fergus 


Falls moraine, the two together making the conspicuous Leaf hills (or “mountains,” 
as they are commonly called), 100) to 350 feet in hight above the surrounding 
country. Entering this county from the west twenty to thirty miles north of 
Aitkin, low morainie drift hills, mostly twenty-five to fifty or seventy-five feet 
above the frequent lakelets, swamps, and streams, extend from the vicinity of 
White Elk or Guide lake northward across the Moose river to Shoyel lake and 


the rapids of the Willow river, which flows over very abundant boulders along a 
distance of two or three miles next below Shovel lake. Northeastward, drift of sim- 


ilar contour forms the tract, about three miles wide, between the Moose and Little 
Hill rivers, Close east of the Phill river and south of Hill or Poquodenaw lake, 
an exceptionally massive portion of this moraine rises in a hill of irregular 


outlines and slopes, called Poquodenaw mountain, which oceupies sec, 25 and the 
north half of sec. 36, T. 62-26, with its summit about 265 to 275 feet above the 


Hill lake and river, or 1,525 feet above the sea, being the highest point in Aitkin 
5 & p 


Thence the moraine has a low and inconspicuous development east- 


county. 
northeasterly to the Mississippi river; but near the east bank of the river, about 


a mile north of this county, it again forms a high ill, known to Iumbermen 
and log-drivers as the “Grub Pile.” in the southeast. part of see. 25, T. 58-24, rising 


about 200 feet above the river. 
*Geol. and Nat. Hist. Survey of Canada, An. Rep., new series, vol. iv, for 1888-'89, pp. 5U, BIE. 
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Gravelly knolls and plateaus. ] 


From this hill, as the apex of a re-entrant angle of the ice-sheet, the moraine 
turns back and extends nearly twenty miles southward to Sandy lake. Along 
the first six miles of this course it is mainly covered by level or only moderately | 
undulating stratified drift, but in the south edge of T. 52-23 it rises very prom1- 
nently in Bald bluff, close east of the Mississippi, and in a series of irregular hills 
continuing thence eastward through the south part of secs. 33 and 34 of this town- 
ship and the north edge of secs. 4 and 3, T. 51-23. The crests of these hills are 
150 to 200 feet or more above the Mississippi, and afford a wide view, the Poquo- 
denaw hill being visible about fifteen miles distant on the west, and the hills of 
the tenth or Itasca moraine, bordering Pokegama lake, twenty miles away at 
the northwest. Morainic hills 75 to 150 feet high stretch from Bald bluff southward 
along the east side of the Mississippi to Sandy lake. Thence this belt, lower and 
less distinct, consisting partly of kame-like deposits of modified drift and partly 
of till, curving southeastward, makes the shores and islands of Sandy lake and 


bounds the northeastern arm of Itice lake, beyond which it passes eastward by 


Round and Big [sland lakes and through T. 49-22, where its low swells, hillocks, 


and ridges project only twenty to forty feet above the many tamarack swamps. 

Eastward from Aitkin county this moraine is narrowly and scantily developed 
in the northwest corner of Carlton county, but becomes more prominent and 
broader in the vicinity of Prairie lake, beyond which, as I am informed by Mr. 
J. E. Spurr, its hills and ridges occupy a width of five to six miles along the 
south side of the St. Louis river to Stony Brook and Nagonab. Curving north- 
ward beyond the St. Louis, it borders both sides of the Cloquet river for several 
miles, passing northwest of Grand lake. | 

Gravelly knolls and plateaus. Associated with the till in the moraines, a con- 


siderable part often consists of irregularly stratified gravel and sand in knolls and 


short, irregular ridges, which sometimes become kames. On the general till expanse 


between the morainic belts, such stratified deposits are also found somewhat 
frequently in many parts of Minnesota, but are rare in Aitkin county. In both 
situations they are attributable to deposition by smal] streams descending from the 


melting surface of the ice-sheet, being accumulated in the short cafion-like gorges 


which were melted into the ice-border at their mouths. The slackening of the 


steep and rapid descent of the streams there emerging upon the land in front of 
the ice caused them to deposit the coarser part of their load of gravel, sand, and 
clay, which was left in these hillocks and ridges when their enclosing ice-walls 
melted away. 

Plateaus of gravel and sand, deposited similarly as above, but filling broader 


indentations of the retreating ice-front, have a considerable development in the 
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vicinity of Sandy lake. On the northwest shore of this lake, a mile south of the 
dam, more than half of the pebbles in the gravel of a plateau there rising fifty feet 


above the lake consist of reddish metamorphic and trappean rocks like formations 
known to outcrop 50 to 150 miles northeastward. The reddish sandstones which — 


form portions of the Keweenawan series along the north shore of lake Superior are 
sparingly represented in this gravel. 

Low sand and gravel plains, Moderately undulating or nearly level tracts of 
sand and gravel, spread on the land in front of the retreating ice-sheet by streams 
which had gathered this modified drift from the melting ice surface, are found in 
several places, occupying areas a few miles in extent, in the western half of Aitkin 
county. One of these tracts, enclosed within the most southern and eastern part of 
the circuitous course of the Mud river, has a diameter of nearly five miles, compris- 
ing secs. 27 to 83 and large parts of sees, 20, 21 and 26, in the northern township of 
Nordland (T, 46-26), and the whole or parts of sees. 4 to 7 in its southern township 
(T. 45-26). This plain is about sixty feet above Elm Island lake and the Mud river 
at its northern side, and fifteen to twenty feet above Lone lake, which lies in a deep 


depression, one and a half miles long and mostly two-thirds of a mile wide, that 
indents the adjoining flat sand and gravel deposit. When these beds were spread 


out, the place of the lake and river on the north were occupied by the receding 1ce- 
sheet rising above the plain with a steep frontal slope, and the place of Lone lake 
was filled by a remnant of the ice, left in the capriciously irregular process of its 
melting to stand first as a peninsula and afterward as an island, around which a 


flooded river, flowing in the summers from the rapidly dissolving ice and from its 
heavy rainfall, brought and Jaid down the sand and gravel plain. The whole tract 


has a slight inclination, averaging two or three feet per mile, to the south and east; 
but much of its expanse southward is covered thinly by a mostly unwooded marsh. 
The avenue of discharge of the water beyond this area was across the swamp, two 
to three miles wide, which divides it from Mille Laces. 

Another tract of similar modified drift, or perhaps a westward extension of the 
foregoing, has a length of two miles and width of one and a half miles upon the 
area partially enclosed by Rice, Hickory and Farm Island lakes, above which its 
hight is five to ten feet. The surface of both these areas is about five to fifteen feet 


above Mille Lacs, or 1,255 to 1,265 feet above the sea. 
The road from Aitkin to Poquodenaw lake crosses a belt of nearly flat, low 


sand and gravel, bearing jack pines, through which the Willow river flows in the 


central and northeast part of T. 51-26. The width of this plain on the road is 
about two miles, and it extends several miles along the Willow river, widening east- 


ward to the Moose river in Ts. 51 and 52-25, but largely covered there by hay 
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Lignite.] 
meadows along the streams and farther northeast, in T. 52-24, by tamarack and 


cedar swamps. 
Such modified drift also borders the lower course of the Swan river, in the north 
part of T. 52-23, and northward, varying in hight from fifteen to forty feet above 


the stream. 
Thence southward and eastward, through the northeastern quarter of Aitkin 


county, sand and gravel in low swells and plateaus and in gently undulating areas, 


interspersed with swamps, occupy much of the country, extending south by Sandy 


lake to Mc Gregor and the Rice river, and continuing east beyond this district to the 
Floodwood and St. Louis rivers and thence north in a very broad expanse to the 


Mesabi iron range. 
On the site of the Sandy lake dam an excavation 


Lignite in the modified drift. 
about ten feet syuare, made in the summer of 1893, encountered in the modified 


drift, at a level a few feet below the river bed, a gravel layer enclosing abundant 


water-worn and partially rounded lumps of lhynite. These masses vary in size from 


one or two inches to six inches or more in length, and are mostly flattened in paral- 
It was estimated by Mr. Archibald Johnson, in 


lelism with their bedding planes. 
charge of the construction of the dam, that about two bushels of lignite pebbles 


were thrown out from this small excavation. They are of quality similar to the 
lignite coal found in thin layers enclosed in Cretaceous shales near Richmond, Ft. 


Ridgely, and Redwood Falls in Minnesota, and to the thicker Cretaceous lignite beds 
which are mined on the Souris or Mouse river and west of Bismarck in North Dakota. 


Small fragments of lignite are found very rarely in the till of all the western two- 
thirds of Minnesota, including Aitkin county; and gravel layers in wells near Aitkin 


occasionally contain smoothly rounded pebbles of very compact, nearly black, car- 
bonaceous shale, somewhat resembling graphite. Occurring so plentifully at Sandy 
lake, this lignite gravel must have been derived from the erosion of some layer of 


hgnite in Cretaceous shales not far distant northward or northeastward. Indeed, 
it suggests that perhaps such strata form a nucleus or central mass under the 
morainic drift of some of the hills on the east side of the Mississippi from Sandy 


lake north to the Bald bluff. 

These observations agree with the discovery of Cretaceous beds on the high 
Mesabi iron range, noted on a previous page of this chapter, in leading to the belief 
that deposits of that age lie next beneath the drift in many parts of this region. 
Concerning this hypothesis, held previous to’ our learning of the lignite gravel at 
Sandy lake, Mr. H. V. Winchell has written as follows: 


The area at present occupied by Cretaceous is unknown, the mantle of glacial drift covering the under- 
lying rocks to the depth of one hundred feet or more a few miles south of the Mesabi range. There is in St. 


Louis county an extensive swamp occupying a flat tract of land, running for nearly tifty miles in an east-west 
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direction between the Duluth & Iron Range railroad and the Mississippi river. The discovery of Cretaceous 
sediments on the northern edge of this basin suggests the possibility of a considerable thickness of the same 
From what is known of the geology of the area north of the Mesabi range it 


sediments in its central portion. 
is safe to assert that the most promising field for the discovery of workable brown coal deposits in Minnesota is 


under this same great swamp.* 
Only very scanty Cretaceous shale gravel is found in the till and in nearly 


all the modified drift of this region, The greater part of the Cretaceous beds 


here, however, may be too soft to vield pebbles, the product of their glacial ero- 
sion being principally an indistinguishable part of the fine rock flour or clay In 
the till. The lignite fragments at Sandy lake are not sufficient, according to the 
opinion of the writer, to indicate the existence of workable lavers of lignite; for 
they more probably came from thin seams like those known elsewhere in Minne- 
sota, Which are mostly about one foot or less ins thickness and nowhere exceed 
three or four feet, being inadequate for profitable mining. Little or no encour- 
agement can be given to prospecting in this thickly drift-covered region with the 
hope of finding valuable beds of this brown coal. 

Luke Aitkin, A glacial lake, which may be named lake Aitkin. existed during 
a geologically very short time in the broad and shallow depression of the Mississippi 
valley in western Aitkin county. as is shown by a little beach ridge of gravel and 
sand which extends along a distanee of one mile in the village of Aitkin and west- 
ward. The hight of this mdve varies from one to four or tive feet above the adjomn- 
ing surface of till on its southern or landward side, and is slightly greater above its 
northern or lakeward base; and its width is twenty-tive to fifty feet, with an arched, 


wave-like form and rounded crest, from which there is a steeper deseent on the 


southern than on the northern slope (figure 3), So regular and = typical outlines, 


FiG. % SECTION OF THE AITKIN BEACH. 
Horizontal seale, 40 fect to an ineh: vertical seale, 2 feet to an inch. 


however, are not found through the whole of the distance noted. A section made 


for a north to south street a few rods west of William Hay'’s house shows the ridge 


to be composed of anticlinally interbedded sand and gravel, in which the largest 


pebbles are three to six inches in diameter. In form and material it is precisely like 


the beach ridges marking successive stages in the gradual lowering of the glacial 
lake Agassiz in the basin of the Red River of the North, some of whieh are no larger 
along the greater part of their course, though traceable continuously many miles on 


the prairies of the Lake Agassiz area. 
The most eastern observed part of this very small ridge is close west of the Mud 


* Am. Geologist, vol. xii, p. 228, Oet., 1803. 


[lade ae 


of Og, 


47 


AITKIN COUNTY. 


Former levels of Mille Lacs. ] 
river between the railroad bridge and the Congregational church. Thence it runs 


northwest and west, passing just north of the intersection of Ash street and Third 
and Fourth streets, to the Methodist church and the school house. In the west edge 
of the village the houses of 8S. W. Stevenson and William Hay are built on the beach. 


It continues west-southwesterly to the Cedar Lake road and the railroad, which it 
crosses nearly a mile west of Aitkin depot. Excavations of the beach sand for 


masons’ use have been made there by the roadside. Its further course westward upon 


bushy and wooded land has not been traced, nor its similar extent east of Aitkin; 
but four miles west of Aitkin a small portion of this shore line, marked by a beach 
ridge, was seen on a farm in the S. E. } of sec. 30, Aitkin, extending thirty rods 
or more from east to west a short distance north of the Northern Pacific railroad and 
about a quarter of a mile west of Cedar creek. In both these portions the beach 
crest is 1,210 to 1,212 feet above the sea, and the lake level indicated is 1,205 
to 1,208 feet. 

Drawing on the maps of Aitkin and Crow Wing counties the approximate 
extent of this lake, I find that it probably attained a length of eighteen or twenty 


miles, terminating northeastward near the inouth of the Willow river, and that it 
If no allowance is made for the sub- 


was mainly from three to five miles wide. 
sequent deposition of alluvium in the valley, the maximum depth of lake Aitkin 


did not exceed fifteen feet. In the vicinity of Rabbit lake in eastern Crow Wing 
county north of Deerwood, morainic drift about 1,275 feet above the sea closely 
There the margin of the ice-sheet receding northwest- 


borders the Mississippi. 
ward was probably, during a few years, a partial barrier of this lake, whose outflow 


was in some channel about seventy-five feet below the top of the contiguous 
Till generally forms the surface 


moraine and twenty feet above the present river. 
south of the Aitkin beach; but on its lakeward side the land is lacustrine and 


alluvial fine silt or clay, more or less sandy. 
ormerly higher levels of Mille Lacs. The north side of Mille Lacs exhibits 
shore lines in many places at hights five to ten or fifteen feet above the present 
highest stages of the lake, which are four or five feet above its lowest known 
level due to droughts. . The old higher shores are partly marked by small beach 
ridges, of which, in two localities where they were carefully observed and mapped 
because they are the sites of aboriginal mounds, descriptive notes are given on 
the final pages of this chapter. 
A more massive wave-built beach ridge, mostly well wooded, divides Mille Lacs 
from a marsh or swamp and other low land on the north along a distance of five 


or six miles, from near Get-Up point eastward past the mouths of Reddick 
The western half of this ridge, 


and Marmon creeks to the west part of T. 45-25. 
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for a length of about three miles, has a light of ten to twelve feet above the lake 


and a width of six to ten rods, with gentle slopes, and consists of beach sand 


and fine gravel containing no boulders. The road from Aitkin to Malmo and 


Opstead runs along its top. Farther east this ridge, still consisting mostly or 


entirely of sand and gravel without boulders, and having not much greater width 
than westward, rises steeply fifteen to twenty feet above the adjoming gently 


sloping present lake beach on which the road lies. Its crest in the highest places 


is about twenty-five feet above the lake. The formation of the whole ridge seems 


referable to wave action during storms, eroding the till shores both east and 
west of the ridge, and washing the sand and gravel thence derived along the shore, 


building it outward from each end, but most from the east, to form) this beach 


embankment. 


Mruze Lacs 


FIG. 4. SECTION OF THE MILLE LACS BEACH. 
Horizontal seale, 100 feet to an inch; vertieal seale, 50 feet to an ineh. 


The level of the lake indicated) for the higher eastern part of the embank- 
ment appears to be nearly fifteen feet above its present mean level. Storm waves 
then, in the deeper lake, impeded much less than now by frietion on the bottom 
near the shore, doubtless rolled in from-this broad expanse of water with sufficient 
power to build a beach ten or twelve feet high. Along this eastern part of the 
ridge a secondary lake level, intermediate between the earliest. and the present, 
is recorded in some places by a minor beach crest, about ten feet above the lake, 
upon the southern face of the great embankment, as shown in figure 4. The aver- 
ave stave of water thus known, some five to seven feet. above the present, prob- 
ably endured Jonger than the first and higher stage, for it built the western low 
but broad part of this ridge, though the lake was shallower than before and its 
waves less efficient, and it is very clearly marked in the vicinity of the two groups 
of artificial mounds. 

It will be desirable, for comparison with these observations, to search along 
the southern shores of Mille Laes for similar traces of formerly higher lake levels. 
If they exist there at corresponding hights, the explanation ‘of them all will be 


that erosion by the outflowing Rum river has lowered its channel successively 


from the higher to the lower and present stages of the lake. Very probably no 


such ancient shore lines will be found on the south side; and if this be the case, 
the apparent high stages of the luke at the north must be attributed to a differ- 
ential uplifting of this region, raising the northern shore faster than the southern, 


in the same way as the basin of the glacial Jake Agassiz was uplifted during the 
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Ice ridges. Alluvium.] 


The highest and earliest beaches of lake Agassiz ascend 


departure of the ice-sheet. 
about one foot per mile along a distance of 350 miles from south to north, between 


lake Traverse at its outlet and Riding mountain in Manitoba. <A similar and 
contemporaneous differential movement of the earth’s crust beneath Mille Lacs 
and Aitkin county would account for the early northern shores successively about 


fifteen and seven feet above that of to-day. 


Ridges pushed up by ice on lake shores. 
the shore of Mille Lacs in other places, where it is bordered by slowly rising 


slopes of till, has a conspicuous ridge of sand, gravel, and boulders, immediately 


adjoining the water’s edge or separated from the lake only by a low and very 
This predominant type of the ndge accumula- 


Besides the ridges thus far described, 


narrow strip of sand and gravel. 
tion now taking place is well exhibited along an extent of a half mile at and 


An embankment there pushed up by winter ice during 


near Nichols postoffice. 
the many centuries since the Jake has held its present level, with much addition 


of wave-washed sand and gravel, occupies a width of four or five rods, rising in 
rounded slopes and crest eight to ten feet above the stage of high water. The 
frequent, or in some portions plentiful, boulders of this ridge prove that the deeply 
frozen ice of the lake pushed boulders from its bed and at last thrust them high 
on the shore when the breaking up of the ice in spring permitted its blocks to 
be crushed and heaped together by violent storms. 

Similar but smaller sandy and gravelly ridges enclosing boulders, often very 
steep on their lakeward side, and narrow, as two or three rods wide, with hights of 
three to six or eight feet, are found on the shores of numerous other lakes in Aitkin 
county. One of these ridges borders Dam lake on the side of its outlet; another, 
with a road running a half-mile or more along its top, is on the south shore of 
Hazelton or Echo lake; and others are on the east and west sides of Round lake, and 


on the west side of Farm Island lake. 
Since the departure of the ice-sheet, the streams have in many places 


Allurium. 
eroded their channels ten to twenty or thirty feet below the original surface of the 


drift, either through long distances or more commonly only cutting down some 
obstructing narrow ridge or swell of the undulating and rolling drift sheet. Taking 
their courses along the lowest avenues of drainage, the creeks and rivers were at 
first temporarily dammed here and there to form shallow lakes, which in many 
instances they very soon drained by their erosion of the drift barriers. On some of 
the streams, however, as most notably the Mud river, the ratio between the size of 


the rivers and the erosion which they must perform to drain their lakes will allow 
Into these lakes much alluvium, supplied from the 


them to endure yet a long time. 
erosion of the tributary valleys, is being carried by the inflowing streams, and less 


is spread along the interlacustrine parts of their courses. 
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The Willow river and the much larger Mississippi, nowhere in this county 


flowing through lakes, have formed extensive traets of very fertile alluvial land, 
bearing a luxuriant forest. The tract of very fine clayey silt through which the 
Mississippl pursues its meandering Way varies mostly from a half-mile to one mile 


in width. It is rarely interrupted, as at a few places between Sandy lake and Aitkin, 
by transverse higher areas where till adjoins the stream and makes shoals and 


rapids by the obstruction of its boulders in the river bed. 


MATERIAL RESOURCES, 


The chief resources of Aitkin county are its timber, its capabilities for agri- 
culture, and its water-power. Thickly drift-covered. it: possesses no rock outcrops 
adapted for quarrying, and warrants no expectation for the discovery of geologic 


deposits of economic value, excepting that probably stratified clay beds suitable for 


brick-making will be found in some places, 

The original forest wealth of this region is being rapidly exhausted. During the winter of 1802-'03 the 
estimated cut of pine timber on the Mississippi and its tributaries above Minneapolis, according to the records 
7 AO feet, of which the following portions were wholly or partly in 


of the surveyor general, was 677,836, 


Aitkin county.* 


Pine timber cat during the winter of Is92-93, 
Feet. 
Little Willow river, ; : ; : ‘ ; ; ; 5,000,000 
Willow. river, : - - ; : - : ; 55,000,000 
Aitkin and vicinity, 3.370.730 
Rice river, - : : : ; 11,353,260 
Sandy lake and river, — - : : ; ; : ; 7,549,570 
Tamarack river, - ; : . : ; : 19,692,750 
; : - - - 4,621,750 


Prairie river (tributary to Sandy lake) : 
With a continuation of the recent rates of cutting. no more than ten or twenty years will elapse until all 
or very nearly all of the available pine in this county will have been used. But a very large supply of other 
valuable timber will remain, as poplar for the manufacture of paper, and maple, oak, birch, and ash, for 
furniture, carriage making and a great variety of uses, including, building. for which, however, pine is preferred. 
In clearing the land of its woods to provide tields for cultivation and pasturage, the farmer will often be able 
to make the timber do more than pay for the cost of its cutting and the remoyal of its stumps. 
A foregoing part of this chapter has noticed the general excellence of the soil of the boulder-clay or till 
which covers the greater part of this county. The alluvial lands bordering the Mississippi are still more fertile 
and are wholly free from boulders and gravel: but they mostly lie within the reach of the highest river floods, 


which come, on an average, perhaps once in ten years, being due usually to coincidence of heavy rainfalls, with 
rapid melting of deep snows at the end of the winter. Large fields of the river alluvium within a few miles 
northeast of Aitkin, on the road to Willow river and Sandy lake, bear magniticent grass, oats, potatoes and 


corn. A considerable number of farms have also been cleared and are protitably cultivated on the higher till 
lands in the vicinity of Aitkin and Cedar lake, and thence southward to Mille Laces. The success of these 
farmers in producing the staple crops mentioned, and in stock raising, dairying and fruit-raising, justify the 
belief that this county is to become a thickly settled and prosperous agricultural district. 

Asa resort for sportsmen, both in summer and winter, Aitkin county has many attractions, which will be 
slowly decreased by its agricultural development, but in some measure will endure through many decades of 
years. The plentiful lakes contain abundant bass, pickerel, perch, and. other fish. Partridges, rabbits, the 
mink, muskrat, and fox, the black bear, red deer, and moose, are common or frequent. Occasionally in the 
winter, timber wolves, hunting in packs, are dangerous to Jone travellers: but their numbers are gradually 
diminishing. Another vanishing denizen of this region is the caribou or American reindeer, whose southern 
limit is found in cool bogs about the sources of the Little Willow river. 

Excepting perhaps the Mississippi, all the large streams of this county bave valuable sites for the 


utilization of their water-power. No mills employing water-power, however, have been built, but large steam 
saw mills are operated at Aitkin and at the Swan River Logging Company's landing close to the mouth of 


*The Mississippi Valley Lumberman (Minneapolis), June 30, 1883, 
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Aboriginal mounds.) 
Dams are built 


Swan river, and smaller portable mills have worked temporarily at numerous other localities. 


on several streams to provide reservoirs for giving a sufficient flow of water in the later part of the log-driving 
When required by the needs of the increasing population, 


season which usually reaches into the summer. 
water-power mills will doubtless occupy some of these sites for grinding grain, sawing lumber, and various 


manufactures. 
Dams used for lumbering. 


The following are notes of the locations and amount of head, or fall of water, of the dams used to 
facilitate log-driving in Aitkin county, for which on the west side of the Mississippi I am indebted to Martin 
M. Watson of Aitkin, and on its east side chiefly to F. B. Cluff and Joseph W. Wakefield of Aitkin. 

Little Willow river, four dams: the lowerdam in the S. W. 14 sec. 30, T. 48-26, six feet; the middle 
dam, near the centre of sec. 8, in the same township, seven feet; the Esquagemaw dam, on the West fork, close 
below the mouth of Little Willow or Esquagemaw lake, which it flows, five feet: and the Waukenabo dam 
on the East fork or Waukenabo brook, or about a half mile below the lake of this name, three feet. 

Willow river: the Shovel lake dam, in the north edge of sec. 3, T. 51-27, situated at the head of the 


boulder-strown rapids, about two miles long, which take their name from this lake, has a head of six feet and 
This is the lowest of seven dams on the Willow 


raises Shovel lake tive feet above its former low water stage. 


river and its North and South forks, the others being in Cass county. 
Moose river, six dams: the Moose lake dam, near the centre of sec. 27, T. 51-26, tive feet, flowing Moose 


lake; the McAllister dam, in the west edge of sec. 29 in the same township, seven feet; the McKinney dam, in 
the S. E. 14 sec. 23, T. 51-27, eight feet, flowing McKinney lake: the Third Guide dam, in the N. E. 14 sec. 28, 
flowing the little Third Guide lakes: and the two following, which are in Cass county, namely, the Cedar dam, 
in the northeast corner of sec. 35, T. 140-25, five feet, and the Reservoir or Poplar dam in the S. W. 14 sec. 2, 


T. 139-25, six feet. 

Hill river and its tributaries, four dams: the Poquodenaw dam at the mouth of Hill or Poquodenaw lake, 
seven feet; the Morrison brook dam, about a mile from the mouth of this brook, six feet: the Lower dam on the 
West branch or Little Hill river, in or near the southwest corner of sec. 33, T. 52-26, eleven feet; and the Upper 
dam of this stream, in the south edge of the southwest part of sec. 36, T. 53-27 (Itasca county), about 


five feet. ’ 

Mud river, two dams: the Lower or Simpson dam, three miles south of Aitkin, five or six feet, flowing the 
Hanging Kettle, Diamond and Mud lakes; and the Spirit lake dam, in the N. EB. 14 sec. 35, T. 46-27, five feet, 
flowing Spirit, Hickory, Pine and Farm Island lakes. 

Sandy river, two dams: one about a mile north of McGregor, four feet; and the United States government 
dam, now being built to raise this lake ten feet, as described on page 29. 

Tamarack river, four dams, three being in Carlton county: the lowest in the east edge of Aitkin county, 
about five feet, now out of repair; the second, about a quarter of a mile east of Wright and close south of the 
railroad, four feet, flowing Tamarack lake: the third, at Cromwell, two feet, flowing Island lake; and the fourth, 
probably about four feet, tlowing the lake in secs. 17 and 18, T. 48- 20. 

Prairie river, three dams, only the first and lowest being in Aitkin county: one raising the stream along 
the course of a short rapid in the south part of T. 50-22, about four feet; the second, two miles below Prairie 
lake, four feet, at the foot of which the channel of the river is said to have exposures of the bed rock: and the 
third, about a quarter of a mile from the mouth of Prairie lake, which it flows, five feet. Hasty brook, 
tributary to Prairie lake on its south side, has two dams, the lower of tive feet, and the upper of seven feet, the 


latter forming a reservoir on a tract that previously was a large meadow or swamp. 
West Savanna river, three dams: the Sanders dam, in the N. W. 14 sec. 25, T. 50-23, about two miles 
above the junction of this stream with the Prairie river, four or five feet; the Waketield dam, in the southeast 


corner of sec. 13, near the east line of this township, five feet; and the upper dam, in the southwest part of 
Above these, a low “cut-away” dam raises the Rice lakes in 


sec. 6, T. 50-22, six feet, flowing the Savanne lake. 


secs. 36 and 35, T. 51-23, about two feet. 
Aboriginal earthworks. 


Two very interesting groups of aboriginal mounds are situated close to the northern shore of Mille Lacs, 
one being at Nichols postoftice, a mile east from the west line of Aitkin county, and the other at E. A. Bushey’s 
Looking in a general 


store, twelve miles distant from Nichols in a straight line a little to the north of east. 
view upon the outlines of Mille Lacs, we may consider its area as four-sided, its northwestern and northeastern 


corners respectively being near these ancient village sites. 

The accompanying sketch map (figure 5) shows the arrangement, relative size and hight of twenty 
mounds lying between the house of Mr. A. R. Nichols, postmaster, and the present Mille Lavs shore. The 
house stands upon and two or three feet above a former shore of the lake, which is marked by a slight 

Between this old 


terrace of sand and gravel, seven or eight feet above the present highest stage of water. 

shore and the prominent lake ridge now being accumulated of sand and gravel with occasional boulders, which 
has been described on page 49, there are two very small beaches, marked by sand ridges, tifteen to twenty-tive 
or thirty feet wide and rising only about two fect above the flat, somewhat clayey land on which they lie. The 
crest of the northern one of these is about six feet, and that of the southern one four to tive feet above high 
water in the lake. Five mounds, varying from two to tive feet in hight, are found in a nearly straight series, 
extending about a dozen rods, on the upper one of these little beach ridges. All of these mounds are round, 


iad ia 
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excepting the most eastern and highest, which is prolonged in a lower portion toward the west. Twelve 
mounds are situated on the lower sand beach, forming a very straight series along a distance of nearly.thirty 
rods. Beyond each series of mounds the beaches continue westward, having in some portions an irregularly 
uneven contour with elevations and depressions of one or two feet, due to the dune-producing action of winds. 
These surface inequalities of natural origin are smaller and less noticeable than the artificial mounds, among 
which little or no wind channeling is observed. 

The mounds of the second series, like those of the first, are mostly built to a hight of about two feet 
above the beach crest, with a diameter of fifteen or twenty feet: but one, the fourth from the west end, is nearly 
four feet high. Several of the mounds in the eastern half of this series are elongated, having about twice as 


great length as width. In the depression on the south, two small round mounds lie near the oblong mounds of 
About ten rods southeast from these and south from the east end of the longer series, a round 


the beach ridge. 
mound rises to a hight of two feet upon the crest of the large modern beach ridge. 


In Mr. Nichols’ garden, which comprises most of the mounds of this group, numerous fragments of 
Indian pottery have been found; and they occur more plentifully in one of his cultivated fields, a quarter of a 
mile distant to the northeast and near the lake shore. 

Another group of several artificial mounds near this northwestern angle of Mille Lacs is situated about 
two miles southwest of Nichols postoffice and a third of a mile back from the lake, being near the middle of 
the west half of sec. 12, Garrison (T. 44-28). The largest of these mounds, about ten feet high, was partially 
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FIG. 5. ABORIGINAL MOUNDS AND BEACH RIDGES IN SECS. 5 AND 6, T. 44-27, AT NICHOLS POSTOFFICE. 
Scale, about 16@ feet to an inch. 
The mounds are about two feet high, excepting three, whose hights in fect are designated by figures. 


excavated by the late Mr. O. E. Garrison and others, and was found to contain human bones. One other 
mound of that group, nearly as large, has not been opened. No other aboriginal earthworks are known in the 
vicinity of these groups. 

Passing along the northeastern shore of Mille Lacs, on the road from Aitkin to Malmo and Opstead 
postoffices, the traveller sees at the store of Mr. E. A. Bushey, which is in the northwest corner of sec. 32, 
T. 45-25, and in his cleared field of a few acres, extending some thirty rods to the east and southeast, a group of 
eighteen aboriginal mounds, of which a sketch map is given in figure 6. More than half of these mounds are 
from two to (mostly) three feet high; a half dozen have hights of four or five feet, and only one is larger, having 
a hight of nine or ten feet above its base, with its crest twenty feet above the lake. All of these are round 
and dome-shaped, with diameters varying, in proportion to their hights, from fifteen or twenty feet to fifty feet: 
except that the highest mound has another about three feet in hight adjoining and united with its northeast 
side. The tract on which they lie is stratified gravel and sand, rising to a hight of ten to twelve feet above the 
lake. It has a rich black soil, and was cultivated as a corntield at the date of my visit in June, 1893. 
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Mounds and beach ridges.] 


An arrangement in three series, nearly parallel with each other and with the lake shore, each comprising 
Between the lake and the nearest one of these series, three small beach 


four or five mounds, is observable. 
ridges of sand, similar to those at Nichols postoffice, are well defined across the entire clearing. On the beach 


farthest (eight to ten rods) from the lake, three mounds are situated, and the highest and most northern of 
these is the site of Mr. Bushey’s stable. This beach ridge and its parallel companion, which lies about two 
rods nearer the lake, each rise only two feet above the intervening hollow and above the land on the side away 
from the lake. Between the second of these ridges and the one nearest the shore, on which latter Mr. Bushey’s 
store and a mound close north of it are situated, there is a continuous long hollow five feet below these beach 
Intervening 


crests, which, like that of the first beach, are each ten feet, very closely, above the lake level. 
between the last beach and the present shore is a gently declining belt of sand and fine gravel on which the 
road lies. None of these mounds have been excavated. 

Nearly thirty miles northeast from these Mille Lacs village sites, two similar groups of mounds Ne on the 
southeast side of the Sandy river near its entrance into the most southern arm of Sandy lake (see the figure on 
page 29). One of these groups, comprising several mounds three to six feet high, is at the river’s mouth in the 
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¥IG. 6. ABORIGINAL MOUNDS AND BEACH RIDGES IN THE N. W. |, SEC. 8, T. 45-25, AT E. A. BUSHEY'S STORE. 
Scale, about 160 feet to an inch. 


The mounds are two or (mostly) three feet high, excepting several whose hights in feet are designated by figures. 


southwest corner of sec. 17, T. 49-23. The other, marking the place of a larger village, includes about twenty 
mounds, which vary from three to ten feet in hight. It is distant one and a half miles southwest from the 
foregoing, and extends about a quarter of a mile along the river’s east bank next below its exit from the rice 
lake which is crossed by the west line of sec. 30 of this township. 

The people who built the mounds were doubtless of the same great race with the present Indian tribes. 
Their numbers appear to have been similarly few, and they probably were but little more advanced in agricul- 
ture. Like the modern tribes of this district, they evidently obtained a considerable part of their sustenance by 
fishing in the lakes and rivers on whose shores they lived. 

In the neighborhood of the outlet of Sandy lake, which flows deviously about three miles to accomplish 
its one mile of distance between the lake and the Mississippi river, a few Indians still remain, holding this 
locality of the old trading posts as their latest place of abode and ownership in Aitkin county. There is little. 
trace of any earthworks to show that this site was occupied by the mound-building people, though its natural 
beauty and advantages for fishing and hunting must have been as attractive then as now. Numerous arrow and 
lance points of stone, and several of copper, besides curved bands of copper which probably were worn as orna- 
ments, have been found here on or near the surface by Mr, William L. Wakefield, the merchant and postmaster, 


a4 : THE GEOLOGY OF MINNESOTA. 
{[ Aboriginal implements. 


who also showed mea copper spear-head, nine inches long, which was found in the mud beneath the river bed 
during the excavation for the dam (page 29). This implement (figure 7) somewhat resembles a bayonet blade, 


FIG. 7 COPPER SPEAR-HEAD FOUND AT SANDY LAKE. 
About one-third of the full size. 


and like that, its base is convolute, as if for fitting it upon a wooden shaft. All these copper implements and 
ornaments appear to have been worked out by the Indians from native copper of the lake Superior region, which 
may have been either mined there by them or found here in the glacial or modified drift. 
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CHAPTER IIT. 


THE GEOLOGY OF CASS COUNTY AND OF THE PART OF CROW WING 
COUNTY NORTHWEST OF THE MISSISSIPPE RIVER. 


By WARREN UPHAM. 


Situation and area, The district here described (plate 58) comprises the greater 
part of Cass county and that part of Crow Wing county which was taken from Cass 
and annexed to Crow Wing in 1887. The northwestern fraction of Cass county, 
including twelve townships, or about 432 square miles, in ranges 32 to 39, north of 
Hubbard county, is desenbed and mapped with that county, in the next chapter. 
The most southern limit of this district 1s a few miles north of the geographic 
centre of Minnesota. Its extent from south to north is eighty-two miles, and from 
east to west forty-eight miles. 

The Northern Pacific railroad passes through its southern edge, past the 
stations of Baxter, Gull River, Sylvan Lake, Pillayer, and Wheelock. None of these 
stations has now any considerable village, since that of Gull River, formerly the 
location of the large saw-mills of the Gull River Lumber Company, has been chiefly 
removed, with the mills, to Brainerd. The only place in the entire district which 
can at present be designated as a village is the Leech Lake Indian Agency, which 
has, besides a school, church, and other government buildings, some forty or fifty 
houses of Chippewa Indians. 

Brainerd, situated on the east side of the Mississippi river, just outside the 
boundary of this district, is distant 1388 miles by railroad north-northwest from St. 
Paul, and about 118 miles by railroad, or very closely 100 miles in a direct line, west- 
southwesterly from Duluth. The part of Crow Wing county on that side of the 
Mississippi has been mapped and described in chapter xxii of volume ii; but a few 
notes of Brainerd and its vicinity, supplementary to that chapter, are presented in 
the following pages. 

The present area of Cass county is about 2,832 square miles. Its portion shown 
on plate 58 is 2,400 square miles very nearly; with which are also mapped about 610 
square miles of Crow Wing county, making the area included by this plate approxi- 
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mately 3,010 square miles, Of this area nearly a fifth part, or some 600 square 


miles, Is occupied by lakes and rivers. 
SURFACE FEATURES. 

Natural drainage, The Mississippi river forms a large part of the northern 
boundary of Cass county, flowing through Cass lake and lake Winnibigoshish. 
After its farther course to the east, south and southwest, through the south part of 
Itasca county and through Aitkin county, the Mississippi again bounds this district 
on the southeast side, there flowing through Crow Wing county; and its large tnibu- 
tary, the Crow Wing river, is the southern boundary of Cass county. These two 
main streams receive the drainage of this whole district, by many smaller rivers, 
creeks, and brooks. 

Leech Lake river, bringing the outHow of the lake of this name, is the princi- 
pal tributary of the Mississippi from northern Cass county. Into this lake, the 
largest in the group of many Jakes feeding the upper Mississippi, several small 
streams flow, namely, the Steamboat and NWabecona rivers, from the west; the 
Shingobi creek, and three or four smaller brooks, from the south; and the Boy river, 
the largest affluent of Leech lake, from the east, coming, however, through a region 


of many lakes on the south and southeast. 


The remainder of Cass county and the northwestern part of Crow Wing county 
are drained into the Mississippi chiefly by the Pine and Crow Wing rivers. Pine 
river, about forty miles long, flows through Pine Mountain lake, lake Hattie, Nor- 


way Jake, Whitefish, Rush, Cross, and Pine lakes. Its principal tributaries are the 


South branch, coming in from the west about two miles south of Norway lake; 
Daggett brook, receiving the waters of numerous lakes, and flowing into Cross lake; 
and the Little Pine river, which joins the main stream about three miles from 
its mouth. 

Crow Wing river receives, as small tributaries from the southwest part of Cass 
county, Farnham brook, Swan creek, Mosquito brook, and Pillager creek;* and the 
Gull river, about thirty-tive miles long, Hows through lake Sibley, Mayo lake, and the 
Upper and Lower Cull lakes, jomning the Crow Wing river three miles above its con- 
fluence with the Mississippi, which is at the most southern point of this district. 

Lakes. Excepting about a dozen townships in the southwestern part of Cass 
county, lying in ranges 30 to 32, this whole district is very abundantly sprinkled with 
lakes and lakelets, which vary from a length or diameter of a quarter of a mile, or 
less, upward to Leech lake, which is the third in size among the lakes lying wholly 


in Minnesota. 
*The terms brook and creck have the same meaning and nearly equal frequence of usage in this wooded region; but in the 


prairie part of the state only the second term is in common use. 
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The maximum length of Leech lake* is twenty-four miles, and its greatest 
width twelve miles, with an area of about 165 square miles, bounded by a very 


irregular outline of many arms and bays, and containing several islands. Accord- 


‘ing to soundings by Dr. James R. Walker, formerly the agent of the Leech Lake 


reservation, this lake in the central portions of its main body attains depths of fifty 
to sixty feet; in the broad bay extending to the outlet its depth is twenty-five to 
forty feet; in the bay north of Otter Tail point, twenty to thirty feet; in Duck bay, 
about twenty feet; in the West bay, somewhat southeast of its centre, 100 feet; and 
in the southeastern part of the Agency bay, seventy-two feet. The dam built by 
the United States government to make Leech lake a part of the reservoir system of 
the upper Mississippi raises its surface usually two or three feet above its former 
hight, and its maximum capacity is about six feet above the former low water stage. 

Lake Winnibigoshish,t the largest of the lakes through which the Mississippi 
flows on and near the northern border of Cass county, is about eleven miles long by 
six to enght miles wide. It has no islands, but is shallow, with a maximum depth 
probably not exceeding twenty or twenty-five feet. 

Cass lake,t about six miles long and three to five miles wide, with several 
islands, is also mostly shallow, its maximum soundings being reported to be twenty- 
two feet. A short river-like thoroughfare leads southward from this lake into Pike 
bay,§ three miles in diameter, which has probably a somewhat greater depth. 


Two tracts characterized by exceptionally abundant lakes are found in the central and southern parts of 
this district. The first of these tracts, mainly tributary by the Boy river to Leech lake, has an extent of about 
thirty miles from west to east and northeast. It is divided from Leech lake by the greater part of the hilly drift 
belt of the Itasca moraine, five to ten miles wide, within whose southern borders a large number of the more 
southern of these lakes are enclosed. Ten Mile lake, the head of the Boy river, is the largest in this tract, its 
length being nearly six miles, with a mean width of one to two miles. Next southeastward is the Fourteen Mile 
lake, about three miles long, and, like the preceeding, of very irregular form, through which flows the Boy river, 
or Fourteen Mile creek, as the outlet of this lake is named from its being crossed by the road at that distance 
from the Leech Lake Agency. Between one and four miles farther eastward, this stream flows through the 
Little Whitetish and Whitefish lakes, as Mr. James B. Curo, living near them, informs me that they are called by 
the Indians. Thence the Boy river flows through two lakes, respectively two miles and one mile long, in the 
southwestern and central parts of T. 140 29. Woman lake (a translation of its aboriginal name), lying next in 
the course of the river, has a length of about five miles and a maximum width of two miles, with very irregular 
form. Beyond this the stream continues through Girl lake, Rice, Upper Boy and Boy lakes, the last, which is 
the largest, being about tive miles long and a half mile to one and a half miles wide. 

Rice lake, in this series, receives the largest tributary of the Boy river, bringing the outflow, in descending 
order, of Waupatoos, Wabado, and Little Boy lakes, which lie in the southern and central portions of T. 140-28. 
The first and second of these lakes, connected by a broad thoroughfare, were formerly of the same hight with 
Little Boy lake and joined with it by a second thoroughfare; but now the two are raised about three feet above 
the third by a dam near the bridge of the Mississippi & Northern railroad. Girl and Woman lakes are also 


*A translation of its Ojibway name, in allusion to its plentiful leeches. 

‘ + Meaning dirty water (Fifteenth Annual Report, p. 459), like the cognate name of lake Winnipeg in Manitoba. On account 
vf the shallowness of lake Winnibigoshish, the large waves of storms stir up the mud and sand of the lake bed, roiling the water 
apward to the surface upon nearly or quite all its area. Pronounced by the Indians, and perhaps more properly to be spelled, like 
lake Winnelxigo in Wisconsin, which is accented on the next to the last syMable, with the addition of shish, expressive of contempt, 
the name being thus Winnebégoshish. Lieut. Pike, in 1806, found this lake to be ealled * Winepie” and ‘Winipeque.”’ Beltrami, 
in 1823, mapped it as “Winnipee; and Schoolcraft, in 1820 and 1832, gave the same spelling, also ‘Winnipek.” Since their time the 
name of this lake seems to have grown to its present form, which is nearly represented by ‘Winibigoshish” of Nicollet's report 
and map, in 1838. 

} Named for Gov. Lewis Cass, commander of the U. 8. expedition which ascended the Mississippi to this lake, in 142). 
§ Named for Lieut. Z. M. Pike, who led an expedition to Leech and Cass lakes during the winter of 18U5-06.) For notes of 
the early explorations in this district by Pike, Cass, Beltrami, Schoolcraft, and Nicollet see vol. i, pp. 25-78. : 
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made reservoirs by another dam, with nine feet head, on the Boy river close below its crossing by this railroad, 
which is used for the transportation of logs from this river south to Cross lake on the Pine river. 

The more southern portion of this tract of lakes is tributary to the Pine river by its North branch, which 
in successive parts of its course is known as Pine Lake brook, Twenty-four Mile creek, and Norway brook. Its 
highest sources are the two little Jack Pine lakes in the southwest part of T. 140 31. Thence it runs through 
Pine Mountain lake, three miles long and averaging about a mile wide, Rice lake, two nameless lakes next 
eastward in the southern edge of T. 139.30, lake Hattie, and Norway lake. Between the last two of these lakes, 
it receives Ada brook, bringing the outHow of Ada and Hand lakes, respectively two miles and one and a 


half miles long, and of several others of smaller size. 
Nearly connected at the north with the eastern portion of the foregoing tract of many lakes, the second 


tract reaches from north to south and south-southwest across this district. Its northern part includes Mud lake 
on the Leech Lake river, and numerous lakes, ranging upward to two miles in length, outflowing by the Bear and 


Vermilion rivers; and farther east,in the southwestern corner of Itasca county, it reaches to Sugar and Pokegama 
lakes and others close to the Mississippi river above Pokegama falls. Continuing to the south, this tract com- 


prises, on the Willow river, Big Rice lake, three miles Jong and nearly two miles wide, shallow and bearing along 
its shores much wild rice, one of the chief food resources of the Indians. Thunder lake, lying southwest of the 


last, about three miles long, naturally tributary to the Boy river, has been turned by a dam four feet high across 
its former outlet, and by a very short ditch connecting it with Little Thunder lake, so that the outflow of both 
these lakes now runs into the Big Rice lake and Willow river, increasing the supply of water in that stream dur- 
ing the season of log-driving. Lake Laura, on the former outlet, because of this loss of its inflowing stream, is 
now drying up. 

Farther to the south, the central portion of this tract has a large number of lakes whose surplus waters 
are carried to the Mississippi by the Pine river and its tributaries. In this stretch of about twenty-five miles 
are lakes George and Washburn, Crooked lake, Mitchell, Eagle, Fox, Daggett, and Pine lakes, outflowing by 


Daggett brook; Cross, Rush, Whitetish, Trout.and Lower Hay lakes, all of which. as also Daggett and Pine Jakes, 
are made reservoirs by the Pine river dam, at the mouth of Cross lake, built by the United States government, 
having a maximum head of nineteen feet: and Long and Pelican lakes, tributary by Pelican creek, from which 
the last of these lakes, about tive miles in diameter, is separated by a low beach ridge of gravel and sand, through 
which its waters seep into the creck. 

Southeast of Pelican lake are about a dozen others which occupy bow]-like hollows, without outlets, in the 
nearly level surrounding sand and gravel plain. Of these the largest is lake Edward, about two and a half 
miles in diameter. The origin of the hollows containing these lakes, with their bottoms twenty-five to tifty feet 


below the general level, will be considered in treating of this moditied drift. 
The most southwestern portion of this tract comprises Long, Round, and Hubert lakes, and the Upper and 


Lower Gull lakes, the last, which is the largest, being nine miles long and one to three miles wide, besides a 
score of smaller lakes, all outflowing by the Gull river, either with visible outlets or by percolation through the 


enclosing porous gravel and sand. 
Topography. Two belts of prominently hilly morainic drift cross this district, 


rising in knobs, hills, and massive irregular ridges to hights 75 to 200 feet above 


the average of the adjoining country. The other parts of the district, compris- 


ing nine-tenths of its area, vary from a moderately rolling contour, with the 
highest tracts or crests of swells twenty-five to fifty feet, or sometimes more, 
above the depressions, to nearly flat expanses where no portions rise more than 
five to ten feet above the lowest, excepting that frequent hollows, from a quarter 
of a mile or less to five miles or more in length, are occupied by lakes. In the 
nearly level areas, which consist usually of stratified gravel and sand, the sur- 
face of the lakes is commonly ten to twenty feet below these modified drift plains, 
and their depths range from five or ten feet to fifty feet, or rarely more. 

A mostly rather narrow and partially interrupted series of drift hills, cor- 
related with the Leaf Hills moraine, extends north-northeasterly from the vicinity 
of Pillager for a distance of forty miles to the eastern part of T. 139-28, where 
it is intersected by the Mississippi & Northern railroad. Northwest of Sylvan Lake 
station, and along the west side of Gull lake, the hills of this morainic belt occupy 
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a width of one to two miles and rise 75 to 150 feet above these lakes. Through 
a distance of six or eight miles thence northward the moraine is interrupted, this 
being the southern part of its extent across a wide expanse of modified drift. . 
Next the moraine is found typically developed in very bouldery low hills from 
the northeast corner of T. 1386-29, northeastward, with a width of about a mile, 
to the south side of Whitefish lake. North of this lake it expands to a width of 
three or four miles, and holds this width onward, passing along the north sides 
of lakes George and Washburn, where it is especially conspicuous, to the head- 
waters of the Moose river, and thence continuing northeasterly to the Poquodenaw 
lake and mountain in northwestern Aitkin county. In the northeast part of 
T. 138-28, crests of this moraine rise to 1,450 or 1,475 feet, being the highest land 
in Crow Wing county close to its north boundary. 

The other and more northern morainic belt, named the Itasca moraine from 
its prominence adjacent to the southern arms of lake Itasca, and upon a width 
of about ten miles southward, stretches across this district from west to east, 
generally forming a watershed between streams flowing to the north and south. 
ft is intersected, however, by the Boy river and by the head stream of the Willow 
river. This belt forms the southwestern and southern shores of Leech lake, and 
its hills and broad, very uneven ridges occupy a width of ten to twelve miles 
thence southward. The road from Leech Lake Agency to Brainerd crosses the 
highest part of this moraine in a majestic white pine forest at an altitude of 
1,500 feet above the sea, or about 200 feet above Leech lake. On the southwest. 
Ten Mile and Fourteen Mile lakes lie about 125 feet below this highest point of 
the road. From other high portions of this road a far-reaching view of the mostly 
lower but very unevenly hilly westward course of the moraine is obtained; while 
eastward some of the hills rise probably to 1,550 feet, being the highest land in 
Cass county. Fourteen Mile, Ten Mile, Woman, Wabado, and Little Boy lakes 
are situated in the southern part of this moraine, being mostly surrounded by its 
irregularly grouped knolls, ridges, and hills. 

East of the Boy river this belt is less conspicuously and continuously devel- 
oped. Its course is deflected to the northeast and then southward and eastward, 
making a re-entrant angle between the Bear and Vermilion rivers, where its hills 
rise about 200 feet above the marshy lowland that borders Mud lake. Ten to 
fifteen miles southeast and east from these hills, the Itasca moraine is well exhib- 
ited southwest, west, and north of Pokegama lake in Itasca county. 

The northern third of this district, north of the Itasca moraine, is approxi- 
mately level, the hights of Cass, Winnibigoshish, and Leech lakes being very 
nearly the same; but adjoining the north shores of Leech lake the highest swells 
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and massive drift ridges rise 75 to 100 feet. The average altitude of this part 


is 1,300 to 1,350 feet above the sea, being about 100 feet above that of the 
southern third or quarter of the district, from Whitetish and Cross lakes southward 
to the Mississippi and Brainerd and southwest to the Crow Wing river. 


Flerations, Northern Pacific railroad, 


From profiles in the office of S. D. Mason, engineer, and Richard Relf, assistant engineer, St. Paul 


Miles from Feet above 
Duluth.* the sea. 
Brainerd, 138 miles from St. Paul, : : 118.5 1,209 
Mississippi river, bed, 1.144: extreme low water (1874), 1,150; extreme high 
water (1866), 1,167; prade, . : . : - : 119.0 1,211 
Depression, grade, - . . . . . : ; 119.6 1,196 
Baxter, - - - - - . 122.5 1,205 
Summit, natural surface, . : . - é 124.4 1,212 
Gull river, bed, 1,165; water, 1,170: Pern : : : : 126.0 1,191 
Gull River station, : : : ‘ : : : ‘ 126.3 1,191 
Summit, natural surface, . - - - . : 128.2 1,210 
Sylvan Lake station, — - - - . - - - - 128.5 1,207 
Pillager creek, bed, 1,172; water, 1,175; grade, - - . 131.3 1,195 
Pillager, - - - - - - . : ‘ 1:32.0 1,203 
Wheelock, — - - - a - - - 137.0 - 1,214 
Crow Wing river, bed, 1,205; water, re stave, 1.208: vrade, : - 140.0 1,225 
- - - - 140.5 1,227 


Motley, - - 
Brainerd & Northern: Minnesota railway. 


From protile in the office of the Gull River Lumber Company, Minneapolis. For the portion of the 


a 
branch of this railroad northwest of Gull lake, as operated for lumbering purposes during the year 1893, no 
protile is preserved, Distances are noted from the mill of this company, on the southeast side of the Mississippi 


about one and a half miles northeast of Brainerd. 
Miles from mill Feet above 
near Brainerd. the sea. 
At the mill, railroad grade, - V0.0 _ 1,189 
Mississippi river, held by a dam one-third mile tact. iy aan 
high water, 1,170-1,176; grade, - - . - - 0.2-0.4 1,186 
Siding on the west side; grade, - - - . . ; 1.5 1,223 
Summit, cutting 5 feet: grade, - : - - - - 1.9 1,233 
Depression, grade, - : - - - - 2.9 1,209 
: - : 0 1,223 


Summit, natural surface and statis the SAT, 


A nearly level grade, mostly 1,220 to 1,213, extends along the next seven miles. 

Lake Hubert water, 1,199: grade along its northern shore, - - 10.8-11.0 1,205 
On the branch extending westward from lake Hubert, used for transportation of logs 

during 1893 (track laid in 1892 and taken up in 1894) - 
Nearly level grade, - - - - ; - - - 11.2.-11.8 1,220-1,224 
Depression, filling 0 feet; yrade, - f : : : 122 1,213 
Summit, natural surface and grade the same, : ’ . . 12.6 1.238 
Leech lake road, . : i ‘ . ’ : 13.0 1,237 
Depression, natural marsh surface, 1,198; grade, 2 d ; . 14.3 1,202 
Summit, cutting 9 feet; grade, - ; F . : ; 14.6 (1,233 
Depression, natural marsh surface, 1,196: yrade, - - - . 15.0 1,200 
Cut in drift, 15 feet deep: grade, - : : : : 15.3 1,212 
Gull lake, thoroughfare extending northward from the main lake at the 
. . 15.7-16.1 1,202 


same level, water, 1,196; grade, : 
On the main line of this railway, built in 1894, extending northward from lake Hubert — 


Depression, grade, - - - : : % - 12.2--12.4 1,209 
Summit, grade, - : : : - - 12.9 1,232 
Outlet of the Cullen lakes, water, 1, 196: grade, - . 2 13.7 1,209 

- 14.7 1,216 


Outlet of the Twin lakes, low and high water, 1.194 -1,199; sides 
A very irregularly knolly surface reaches from the tirst of these 
streams along a distance of three miles northward. 


the St. Paul & Duluth railroad line, which was formerly used by this company. 


* Distances are by the new line of this railroad, passing through West Superior to Carlton, being 4.5 miles greater than by 
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On this branch— 


On 


Summit, grade, - 
Summit, grade, again at the same hight, - 


Depression, grade, - : E : ‘ 
Hay creek, bed, 1,257; grade, 2 : : : : 
Summit, natural surface and grade, 


Pine river, water, 1,271; grade, 7 
Summit, grade (2 feet above the natural wihide ), 
Norway creek (North fork of Pine river), water, 1,275; piwies 


At Pine River postoffice, grade, - 
Summit, natural surface and grade, 


- 


Depression, grade, - - - - - - 
Summit, natural surface and grade, - 
Twenty-four Mile creek, close below Pine Mouneain twice: bed, 1 318; grade, 


Summit, natural surface and grade, 


Summit, natural surface and grade, 
Boy river, the outlet of Fourteen Mile or Birch lake, heel 1, 31 3s grade, 


Summit, cutting 6 feet; grade, - 
Depression at east end of Ten Mile lake, water, 1, 378; Satis: 


Mississippt & Northern railroad. 


Miles from mill 
near Brainerd. 


18.5 
20.4 
21.6-21.8 
22.6 
24.1 
25.9 
27.1 
27.6 
28.3 
33.0 
34.5 
35.7 
36.2 
39,4-39.6 
44.6 
45.3 
47.3 
49.0 


From profile in the office of E. T. Abbott, engineer, Minneapolis. 


Cross lake, stage of maximum capacity of the dam, 1,236.5; highest stage 
to which the lake is a to be raised, 1,231; water surface at usual 


- - ~ ~ - 


stage of flowage, - 
South end of railroad, at place of unloading logs into Cross lake, 


Summit, cutting 7 feet; grade, - - 
Trout Lake creek, bed, 1,230; water, 1,233; grade, 

Nearly level grade, - 2 : 

Top of steep ascent from south, - - - - - - 
Junction of Norway Lake branch, - - : 


- - - 


Sumuiit, cutting 2 feet; grade, 
Little Norway lake, head of the east branch of Noe brook, 
Grade here, end of this branch, - - 
the main line northward— 
Summit, cutting 5 feet; grade, = - : ; 
Branch of Stony creek, in the east edge of sec. 36, T. 140-28, close 
Grass lake, water, 1,321; grade, - - 
An irregular surface of morainic drift, with frequent knolls 20 to 3O feet 
above the intervening hollows, reaches thence to the Little Boy lake and 


east of 


” - - - 


Boy river. 

Depression, natural surface, 1,310; grade, 
Deep cut of glacial drift, natural surface, 1,353; ia 
Little Boy lake, water, 1,309; grade, - 

Boy river, bed, 1,317; water (raised by a dam which iowa Girl and Woman 


lakes), 1,324; grade, . 3 2 


Miles 


2.6 

4.3-5.0 

7.3 
10.2 


11.0 
13.4 
13.4 


10.8 


17.7 
18.2 
18.9 


23.0 
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the sea. 


1,285 
1,285 
1,257 
1,271 
1,288 
1,279 
1,290 
1,284 
1,299 
1,350 
1,326 
1,354 
1,338 
1,353 
1,392 
1,389 
1,430 
1,391 


Feet above 
the sea. 


1,227 
1,253 
1,264 
1,238 
1,318--1,322 
1,426 
1,470 


1,481 
1,400 
1,404 
1,494 


1,326 


1,315 
1,332 
1,312 


1,327 


Survey by the Great Northern railway company for a proposed railway line from Milaca to Brainerd 


Leech lake and Fosston. 


From profile in the office of N. D. Miller, engineer, St. Paul. 


Northern Pacific railroad, about a half mile east of Brainerd, 
Proposed railway grade beneath the Northern Pacific track, 
Mississippi river, bed, 1,149; water, 1,155; grade, : : 
Cut 50 feet deep, proposed grade, - 
Gilbert lake, water, - - 
Narrows of Long lake, bed, 1, 163; pales - - 
Summit, natural surface and proposed grade, 
Cullen lake, bed, 1,180; water, - - 
Norway creek, bed, 1,275; water, - - 
Narrows of Ten Mile lake, bed, 1,354; water, - - 

Very knolly and hilly morainic drift reaches from Ten Mile lake to Teed 
lake and onward to Benedict creek. 

6 


Miles from 
Milaca. 


DU.6 
50.6 
o1.6 
01.8 
52.2 
57.1-57.3 
08.1 
64.8 
17.6 
98, 4-98.6 


Feet above 
the sea. 


1,206 
1,185 
1,176 
1,180 
1,172 
1,198 
1,224 
1,198 
1277 
1,378 
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Miles from Feet above 

Milaca. the sea, 

Arm of Leech lake, bed, 1,272; water, - - - - - 103.7-104.1 1,204 
Summit, cutting 28 feet, to proposed grade, - - - - 100.1 1,380 
Benedict creek, bed, 1.292; water, - - - - . [12.2 1,295 

Thence a smooth surface, hagecly tamarack swamp, extends forw na 

Kabecona river (outlet of Kabecona lake), bed, 1,205; water, — - : 115.4 1,297 
Summit, cutting 11 feet to proposed grade, - - - - 117.9 1335 
Kabecona river (flowing into Kabecona lake), bed, 1,301; water, . 119.0 1,303 
- - - 115 119 1,302 


Kabecona lake, about — - : : 
Mississippiand Crow Wing rivers, aud other streams and lakes. 


Determined mostly by United States enyineers, in surveys for the system of reservoirs on the head waters of the 
Mississippi; partly by railway surveys: and, in the cause of lake Itasca, by J. V. Brower, commissioner of the 
Itasca State Park (to whose published altitude seven feet are here added, as required by the corrected 


elevation of the Great Northern railway at Park Rapids). 
Feet above 
the sea, 

Lake Itasca, 2 - . : - - : - : : 2 : 1,464 
Lake Pemidji, - - : , : : : : : : : 1,355 
Cass lake, ordinary stages, - a . . é : 1,300. 1,302 
Mississippi river at the mouth of Horn river, — - - - - - - 1,298 
Horn lake, - - ‘ : : : ; ; : ; 1,309 

. - = - 1,290 -1,293 


Lake Winnibigoshish, also Little Winnibigoshish bi ae rly 
Lake Winnibigoshish, as raised by dam of reservoir svstem, - - 
This dam is constructed with capacity to raise the lake to 1304 feet: but it is not expected 


that it will be raised higher than 1,300 feet. 
Mississippi river at head and foot of small rapids three miles below Little Winnibigoshish lake, 1,288 1,287 


‘ : - 1,298 


Mouth of Leech Lake river, “ : : z é : : ‘ : 1,279 
Mississippi river at White Oak point, - . : - - 1,276 
At Mouth of Vermilion river, : : : : é 1,273 
Vermilion lake (previous to the construction of its dam, w hich raises this lake about six 

feet higher), : : : : ’ 2 5 : é 1,278 
Mississippi river at mouth of outlet of Pokest CON fale formerly : : : : 1,270 
Pokegama lake, formerly - é : : : : : : : ; 1.271 
Same, as raised by dam of reservoir system, : : ‘ : - : . 1,275 
Head of Pokegama falls, formerly . , : : ; : . . 1,269 
Same, as raised by dam flowing Pokegama hile : : : P : 1,275 
Foot of Pokegama falls, 900 feet from the last, : ; : - y : 1,254 
Head of Grand rapids, 3!, miles below Pokegama falls, , : Z 1,253 
Foot of Grand rapids, !; mile from the last, at the head of navigation of the upper 

Mississippi, - - - 7 - : : A ‘ i 1,248 
Mouth of Split Hand river, - : : : , : : . 1,236 
Mississippi river at Aitkin, low and wae water, : : ; : - é 1,190--1,200 
Mouth of Pine river, - : 7 ; a : ; : ; 1,177 
Head and foot of Big Eddy rapids, as cnicely: 1, mile long, - : : : 1,170 1,167 
Head and foot of Island rapids, as formerly, 3,000 feet long, g 1,164 1,162 
French rapids, lowest staye of water, as formerly. between 3 and 4 miles above Brainerd, 4.000 

- - 1,159 -1,154 


feet long, about : é ; 
Dam of the Gull River lumber company, aia 1!, miles nOHEE of rere flowing the 


river back, over French and Island rapids, to the head of Big Eddy rapids, low and high 
- . . - 1,170-1,176 


water, - - ; 
Mississippi river at Brainerd, low and vee water, - . : ; ; ; 1,10-1,167 
Mouth of Crow Wing river, low and high water, - : : : : . _ 1,145-1,163 
Chain of lakes along the head stream of the Crow Wing river — 


- = - 


Crow Wing or Eleventh lake, : : ; : : 1,390 
Tenth lake, - - - - - - : z : : 1,387 
Ninth lake, - - - - - - - . . . : : 1,386 
Prairie or Eighth lake, - - - : : “ ‘ 2 : 1,385 
Seventh lake, — - - - - - - : E ‘ 1,382 
Sixth lake, - - - - - - . : é é ; 1,379 
Fifth lake, - - - - - - . : ; : : 1,378 

- : : 3 1,208 


Crow Wing river at Motley, fan water, 
Junction with the Mississippi river, low and high water, ‘ 
Leech lake, formerly 1,293 -1,295; as now usually raised by the dam of the reservoir system, 


The maximum capacity of this dam is 1,299.5 feet; but it is not expected that the lake will 


be raised above 1,298.5 feet. 


1,145-1,163 
1,297 
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Mud lake, on the Leech Lake river, - : : : : : - 1,280-1,283 
Portage lake, —- - - - : : : 1,299 
Hight of land on the trail from Leech and Partane jal to alee Winnibigosbish - - 1,324 
Steamboat and Duck lakes, northwest of Leech lake, about : . : : 1,297 
Kabecona lake, about 2 2 : 4 , 2 1,302 
Lake Benedict, formerly 1,295; as now sine a the eck Dake dam, = - - : - 1,297 
Ten Mile lake, - - - - - : : : 1,378 
Hight of land, summit of the Itasca moraine, on the road leading south fit Teebh Lake 
Agency to Brainerd, in the S. W. 14 of sec. 19, T. 141 30, about 1! miles northeast of Ten 
Mile lake,_ - - : ¢ A - é Z : 1,500 
Fourteen Mile creek, or Boy river, on this road at ie mouth of autem Mile lake, and hav- 
ing the same level, . : : : 2 : 1,375 
North branch of Pine river at the crossing of this | nearly at the same hight as Pine 
Mountain lake, - - i : : : 3 . 1,323 
South branch of Pine river at the crossing of “iis ad : - : : . 1,274 
Hay creek, at crossing of this road, — - . - : : . : 1,238 
South branch of Hay creek, at crossing of this fain é - : : 3 1,243 
Lower Hay lake, formerly : - - - : . 1,225 
This lake is now raised by the Pine river hue to 1227 feet. 
Whitefish lake, formerly _ - : - : : : : . 1.224 
Same, as now raised by the Pine river dam at ihe outlet of Cross Tale? ‘ : - 1,227 
Highest level to which it is expected that Cross, Whitefish, Trout, and other ees may be 
raised by this dam, “ - : - - g - - - - 1,231 
Stage of maximum capacity of the Pine river dam, - - - - 7 . : 1.237 
- - 1,211 


- - = ~ - 


Pelican lake, - : : F 


Horseshoe lake, Mission, Silver, and Bass lakes, and lake Edward, east and southeast of Pel. 
: : : 1,210 1,200 


ican lake, — - : 3 z - 
Lakes Sibley and Mayo, about : é : 1,205 
Upper Gull lake, Gull lake, and lake Kilpatrick, hela at he same ive by a ces 1.196 


- - 


Lower, Middle, and Upper Cullen lakes, held at the same level by a dam, - : 1,200 
Sylvan lake, : : : ‘ : : : : ‘ . : - 1,201 
Round lake, - - : : * 3 : - : ; - 1,195-1,196 
Lake Hubert, — - . : : : : : ‘ : : - 1,199 
Long Lake, - : : : : : : : é : ‘ - 1,198-1,200 
Red Sand lake, secs. 35 and 36, T. 134-29, — - : : - ; : - 2 1,201 
Gilbert lake, 2 miles north of Brainerd, - . : - : ; : : 1,172 
Boy lake, about - - - a : : : Z < - . 1,300 
Upper Boy lake, or lake Ingadonah, about - . . . - ; 1,308 
Rice lake, on the Boy river, and Little Boy lake, : : : : : : ‘ 1,309 
Wabado and Waupatoos lakes, — - - . - . - : - 1,312 
Girl and Woman lakes, ; : : : : : : 2 1,324 
Little Norway lake. sees. 27 and 28, T. 139 28, : ‘ - - : - 1,400 
Big Rice lake, Willow river, estimated, : ; : é : : 1,325 
Little Thunder lake and Thunder lake held at the same Jevel by a dam, estimated, “ 1-335 

‘ i 1,325 


- - 


Lake Laura, estimated, - : : : : - 
Lakes George and Washburn, estimated, - : : 1,350 
Crooked lake, estimated, - - : : “ - - 1,325 
Mitchell, Eagle, Kego, and Fox lakes, T. 138 27, about - - - - 1,260-1.300 
Lakes Emily, Mary, and Ruth, Little Pine river, southeast part of T. 138 -26, aa - 1,275 1,300 


Pine lake, on the Pine river, mostly in sec. 33, T.137 27, about - - - 1.200 
Mouth of Pelican creek, about - - - - - - - : - 1,195 
Mouth of Little Pine river, about - - - - - - - - 1,185 
Moose lake, secs. 10 and 15, T. 136 31, estimated, - - - - - - 1,350 

: : . 1,350 


Spider lake, west line of T. 137 31, estimated, : % : 

The range of altitude in this entire district is about 400 feet, from its lowest Jand, at the junction of the 
Crow Wing river with the Mississippi, which at the lowest stage of water is 1,145 feet above the sea, to the 
highest summits of the Itasca moraine south of Leech lake about 1,550 feet. 

Average altitudes of various portions of this district, above the sea level, are estimated as follows: the 
northeastern part of Cass county in ranges 25 to 29, from lake Winnibigoshish and the Mississippi river to the 
south line of the 142d row of townships, coincident approximately with the south side of Leech lake and 
including about half of the area of this lake, with a total land and water area of about 665 square miles, 
approximately 1,320 feet; the remaining ranges 30 and 31 in the northwest part of this district, from the north 
line of Cass county, crossing Cass lake, to the same southern limit of the south line of T. 142, comprising 
an area of eight government townships or about 288 square miles, with the western half of Leech lake in its 
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southern portion, approximately 1,325 feet; next on the south, the belt formed by Ts. 141, 140 and 139, com- 
prising an area of twenty-one townships or about 756 square miles, in which are the greater part of the Itasca 
moraine and the northeastern part of the Leaf Hills moraine in their development through this district; 
besides considerable tracts of the ordinary moderately undulating or nearly flat glacial and modified drift, 
approximately 1,390 feet; the northwestern part of Crow Wing county, extending from its north boundary, 
adjoining the belt last noted; south to the Mississippi river, about 610 square miles, approximately 1,265 feet; 
and the southern part of Cass county, between Crow Wing and Wadena counties, and reaching south to the 


Crow Wing river, about 690 square miles, approximately 1,300 feet. 
The mean elevation of the part of Crow Wing county mapped and described in this chapter, as already 


noted, is about 1,265 feet; and the mean elevation of Cass county, so far as it is here mapped and described, 
is about 1,335 feet. The northwestern twelve townships, or about 432 square miles, of Cass county, which he 
north of Hubbard county and are included with that county for mapping and description, have a mean 


elevation of about 1,425 feet. With this portion of its area, the whole of Cass county has a mean hight of 


1,350 feet, very nearly. 
Nearly the entire area of this district belongs to the great 


Sol and timber. 
Its only tracts of prairie are very small, 


forest region of northern Minnesota. 
occurring on the modified drift plains which adjoin the Mississippi and Crow 
Wing rivers on the southern boundary of the district. 

Across the southern half of this area are large expanses of the gravel and 
sand deposits which constitute the greater part of our modified drift, and, in less 
extensive plains, the same formation also borders the Big Rice lake and covers 
much of the country thence northward to lake Winnibigoshish and westward 
along the Mississippi to Cass lake. These plains are not generally quite flat, 
but more commonly undulate in long slopes and broadly rounded swells, with 


crests five to twenty feet above the depressions. In many places, too, the same 


class of drift, with frequently an increased proportion of gravel and large water- 
worn cobbles, forms low knolls and irregular ridges or small plateaus, twenty-five 
to fifty feet in hight above the general level. All these modified drift deposits 
have a more fertile soil than would be found in regions where limestone 1s 


absent from the drift gravel and sand. Often large tracts of the nearly level 


plains have a rich dark soil six inches to a foot deep, which in cultivation bears 
good crops. Other portions of the modified drift, including most of its knolly 
and ridgy land, have a less productive soil, and are worth more for the growth 


of firewood and timber than for agriculture. 

Tracts of till, or intermingled clay, sand, gravel, and boulders, form more 
than half of the district. These include the greater part of its morainic belts, 
where the very uneven contour and abundance of boulders are commonly sufficient 
to forbid the use of the land for cultivation, though it may well be cleared for 
pasturage. The hilly moraines may be estimated to include, however, no more 
than a third of the till areas; and the remaining portions, with moderately 
undulating or rolling surface, comprising probably two-fifths of the district, are 
very valuable agricultural lands, needing to be cleared of their timber to make 
farms, but having a soil unsurpassed in fertility, excellent conditions of drainage, 


and adaptation to all the crops of this latitude. 
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The modified drift areas are generally wooded with jack pine and Norway or 
red pine. The second and much the more valuable one of these species occurs 
often in beautiful groves, with no undergrowth of shrubs, the reddish-brown trunks 
being limbless to ghts of thirty to fifty feet. On areas of till the jack pine is rare 
or altogether absent, and the red pine grows intermingled with the white pine, or 
the latter species sometimes forms a thick forest growth alone. It is more fre- 


quently intermingled with deciduous trees; and these also form extensive tracts of 


woods with no evergreen species. The principal deciduous forest trees are the 


basswood, maples, species of ash, elms, oaks, ironwood, the canoe birch -and yellow 


birch, cottonwood and poplars. Less frequent are the box-elder, wild black cherry, 


two species of mountain ash, the Juneberry, hackberry, butternut, and red cedar. 
In swamps and on higher moist lands are the tamarack, spruce, balsam fir, and 
arbor-vitz, the last usually called white cedar. 

Several of our trees reach their northern limits in this district, including the 
river maple, box-elder, corky white elm, hackberry, butternut, swamp hickory or 
bitter-nut, white oak, swamp white oak (Quercus bicolor), black and red oaks, 
American hornbeam (Carpinus caroliniana), and the cottonwood. 


Among the shrubs and small trees of thickets, and of the forest undergrowth, are the prickly ash, stag- 
horn and smooth sumachs, the riverside or frost grape, the Virginian creeper, alder-leaved buckthorn, and the 
climbing bittersweet; the striped and mountain maples; the wild plum, pin or bird cherry, and choke cherry; 
the western Juneberry (called “Saskatoon” in Manitoba); wild gooseberries and currants; numerous species of 
cornel, honeysuckle, and arrow-wood or viburnum, the most important of the latter being the cranberry-tree or 
bush cranberry; dwarf blueberries, very plentiful and much gathered for city markets; leather-wood; hazel-nuts 
of two species; the low birch (Betula pumila), the common alder, and several species of willow; the creeping 
Juniper (Juniperus sabina, var. procumbens), and the American yew or ground hemlock (Taxus baccata, var. 
canadensis). A great variety of herbaceous plants, many of them bearing attractive flowers, is also found on 
marshy and boggy ground, in openings of the woodlands, on the sunny slopes of hills, on the scantily wooded 


and often grassy modified drift plains, and on river banks and lake shores. 


GEOLOGICAL STRUCTURE. 


Very few rock outcrops occur in this district, 


Archean and Taconic rocks. 
It is therefore difficult to state what are 


being known in only two localities. 
probably its bed rocks next underlying the glacial drift on nearly the whole of its 


area. The Archean granite and gneiss, and the associated rocks, of Taconic age, 
forming tbe Mesabi iron range, which outcrop at the falls of Prairie river, at 
Pokegama falls, and in other places not far east of the northern part of the district, 
doubtless continue westward beneath the drift to the Boy river, on which rock 
exposures have been reported by E. W. and G. H. Griffin, and by H. V. Winchell, all 
several years ago and probably referring to the same place. Mr. G. H. Griffin, from 
recollection of his surveys and cruising, thinks that a considerable ridge of rock, at 
least several rods in extent, is passed in descending the Boy river about one or two 
miles below the mouth of Boy lake, in the north edge of T. 142-27; but the litho- 


logical character of this outcrop has not been ascertained. 
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The other locality of rock outerops is in T. 134-382, the most southwestern 
township of Cass county, about eighty miles southwest of Pokegama falls, and 
nearly sixty miles south-southwest from Boy lake. The area of frequently outerop- 
ing rock at this locality, consisting of Archean granite or syeuyte with diabase 
dikes, reaches about a half mile from south to north, and has a width of twenty to 


forty rods. It is mostly in the Ik. § of the N. I. | of section 28, and extends north 


into the southeast part of the S. E. 4} of section 21, and perhaps also beyond the 


lines of these into the adjoming sections 22 and 27 on the east. These outerops in 


their southern part have a hight one to three feet. and in their middle and northern 
part five to eight feet. above the general surface of moderately undulating drift, 
being twenty to forty feet above the Crow Wing river, which lies about three-fourths 
of a mile to the southwest. The only considerable elevation in this vieinity is a 
hill of glacial drift, extending a quarter of a mile from north to south, situated a 
short distance east of these ledges, in the west edge of the N. W. | of section 27. This 
rises forty to fifty feet above the rock exposures, and about seventy-five feét above 


the extensive marsh at its east side. Mainly the surface of this hill, as of the sur- 


rounding region, is sand and fine gravel, but boulders of granite up to five feet in 
diameter are found sparingly at its top and on its sides, 

The greater part of the rock exposed here is gray granite, rather fine-grained, 
containing both white and flesh-colored feldspar, and a greenish mineral, probably 
epidote, Which last Is sometimes most abundant in streaks or veins, up to two 
Rarely two or three of these veins are seen within a foot, giving 


inehes in width. 
Mica is generally absent or very scanty, 


the rock a somewhat schistose structure. 
but it occurs to some extent in the central part of the area. 

Two wide dikes of dark, tough, massive diabase were noted here. One of 
these, near the south end of the area, is visible for an extent of twelve or fifteen 
rods, being fifty to sixty feet wide. The line of contact with the granite on the 
northeast side of this dike is very distinct and sharply defined along its exposure 
two or three rods in extent, bearing 8.50° Kk. At the second dike, near the north 
end of these exposures, both hnes of contact with the enclosing granite are visible 
at marry places along a distance of fully 200 feet, bearing S. 70° E., which is the 
course of a conspicuous system of joints in the granite. The width of this dike 
is thirty feet. From its northern side a branch of irregular course and varying 
from two feet to three inches in width, reaches forty feet northerly, as shown 
in figure $8. At one point seven or eight feet from the main dike an offshoot 
from this branch is seen extending several feet with a width from one inch to 
only an eighth of an inch. The aspect of this dark eruptive rock is nearly the 


same in all portions; its line of contact, wherever exposed, is very sharply defined; 
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FIG. 8. DIKE OF DIABASE IN GRANITE, SEC. 28, T. 134-32. 
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Some portions of the granite here may be found valuable for quarrying. 
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*(Geology of Minnesota, vol. ii, pp. 452, 560. 
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Toward the. north and northeast, the next exposures of granite, perhaps to 


be correlated with the foregoing as contemporaneous or nearly so, are those which 


are found forming the high long ridge called the (Giant's range. The relations of 


that granite belt to the adjoining Archean and Taconic formations show that the 
intrusion of the (nant’s range gramte took place after the deposition of the 


Keewatin or upper division of the Archean, but before the deposition of the 


Animikie series or lower division of the Taconic system. Subsequent to that 


granite intrusion, deep and widely extended denudation, producing agreat uncon- 
formity between these systems, had laid bare the granite slopes of the Giant's 
range against which the iron-bearing Animikie strata were deposited. The thick- 
ness of overlying rock requisite to give the granitic texture of the outcrops 
on the (iiant’s range and in Cass, Todd, and Stesrns counties, was probably at 
least several hundred feet. This erosion interval may be regarded as the division 
between the Archean and Paleozoic eras, relegating the Giant's range granite and 
probably also the granite or svenyte of southwestern Cass county and of the two 
localities noted farther south to the closing stage of Archean time. 

Aside from the granitic belt which probably underlies the drift and Cretaceous 
beds from the northeastern to the southwestern hmits of this district, we have 
very scanty means for conjecturing what Archean formations would be encountered 
by borings upon its larger southeastern and northwestern portions. The obser- 
vations of gabbro in Moran, northeastern Todd county,* and of erystalline schists, 
referable to the Keewatin series, in T. 130-30, Morrison county.+ not far south of 
the Crow Wing river, in connection with the extensive development of these 


rocks on the east in Carlton county and at Duluth and northward, lead to the 


belief that considerable areas of intrusive basic rocks, and probably larger areas 


of Keewatin schists and slates, would be found next below the Cretaceous in the 
southeastern part of this district, while between their north side and the granitic 
belt we should have the Animikie slates, iron-bearing rocks, and quartzyte. West- 
ward it is quite as probable that the granite would be found continuing to the 
limits of the district. 

Cretaceous beds. Next beneath the glacial drift upon the greater part of this 
area are probably Cretaceous strata, chiefly shales, similar to those found sparingly 
outcropping in the valleys of the Mississippi and Sauk riversin Morrison and Stearns 
counties. Wells sufficiently deep to pass through the drift to the Cretaceous have 
not been bored in this district, nor in closely adjoining portions of the state; but so 
many such sections have been found by wells in southern and western Minnesota, | 
going various depths to a maximum exceeding 500 feet in Cretaceous shales and 


* Geology of Minnesota, Final Report, vol. ii, p. 568 (called dioryte); Twenty-first Annual Report, for 1892, pp. 114, 1165. 
+ Final Report, vol. ii, p. 601; Twenty-first Annual Report, p. 113. 
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beds of sandstone, before reaching granite, gneiss, or other rocks below, that we 
may reasonably infer the existence here of the same Cretaceous beds with similar 
thickness. 

The grand topographic features of the country in which the Mississippi has 
its sources, from lake Itasca east to Leech lake, seem suggestive of forms produced 
by preglacial stream erosion, probably in Cretaceous beds, now heavily mantled by 
the glacial and modified drift. Such, for example, I think to have been the origin 
of the wide, deep valleys occupied by the head stream of the Mississippi in its course 
north from lake Itasca and by the La Salle, Hennepin, and Schoolcraft rivers, its 
successive tributaries from the south between lakes Itasca and Pemidji. Again, the 
deep basin of Leech lake, with its numerous arm-like bays, one of them having 
a maximum sounding of 100 feet, may be probably attributed to preglacial stream 
excavation by a river and its branches, other portions of the same valley being 
filled and concealed by the thick drift deposits. 

Fragments of lignite, doubtless derived by glacial erosion from thin layers of 
lignite in Cretaceous beds of the district or of the country northward, are 
occasionally found in the gravel of lake shores, as of Winnibigoshish and Leech 


lakes, and in the till, as in digging cellars and wells. 
Glacial and modified drift. 


No deep wells penetrating to the formations underlying the drift have given 
measures of its thickness in this district; but it 1s probably a somewhat uniform 


mantle from 100 to 200 feet deep, as it is ascertained to be generally in other parts 


of the central and western two-thirds of Minnesota. The greatest thickness is 


doubtless attained along the courses of the moraines, whose hilly accumulations in 
some instances add 100 to 150 feet or more to the average drift sheet. If the knolls 
and hills of any part of the moraines here were levelled, however, upon the whole 
width that is more or less occupied by them, the amount so added above the surface 


on either side would range probably from ten to fifty feet. 
An estimate of the relative mass of the till, or true glacial drift, and of the 


modified drift, transported and deposited by water immediately after its release 
from the ice-sheet, although based on very meager data in respect to the thick- 


nesses of these formations, may be ventured as approximately in the ratio of 


three or four to one, for this district. Their ratio in area is nearly as three to 


two; but upon considerable portions of the tracts of modified drift it is thin and 
Superficially, too, the morainic belts 


is underlain by a greater depth of till. 
Con- 


contain more modified drift than would probably be seen in deep sections. 
versely, however, the areas of till usually consist of the same deposit to great 
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1g 


depths, with only thin layers or seams, often water-bearing, 
Both in area and in mass this division of the drift is more 


of the modified drift 


gravel and sand. 
largely represented here than in this state as a whole. 
Extending these estimates to embrace all of Minnesota, I think that its 


till and modified drift hold an areal ratio of twelve or fifteen to one; and that 


their respective volumes are as fifteen or twenty to one. But in and near the 


principal towns and cities, Which are situated usually on rivers, and in riding 
along the railroads, which seleet valleys and plains so far as possible for their 
routes, the casual observer would infer a much larger relative amount of modified 


drift. If the mean thiekness of all the drift in’ Minnesota is about 100 or 125 feet,- 


as seems probable when its thick western development offsets its thinner deposits 
northeastward, we may estimate the part which consists of water-stratified gravel, 


sand, and clay, to average between five and ten fect. 


Till. In this district the boulders of the till have been transported) prevailingly from north to south, 


in less proportion from northeast to southwest, and very seantily from northwest to southeast. They are 


mostly Archean granites, gneisses, and crystalline schists. Magnesian limestone boulders, such as abound in 


the drift generally through all the western half of this state, derived from limestone areas in) Manitoba with 
outcrops near Winnipeg and northward, are rarely found in the drift of Cass and Crow Wing counties. They 
occur plentifully about Red lake, but are absent or very rare thirty to sixty miles farther southeast about Cass, 
Winnibigoshish and Leech lakes, 

Mr. William BE. Seelye, of Brainerd, to whom TL am indebted for many valuable notes of his observations 
as a land and timber examiner throughout this district, informs me that he found a mass of limestone about 
twenty-tive by twenty by twelve feet in size, ving on a low ridge of the principal Leaf Hills moraine near 
the east side of the N. BE. ly see, 29, T. 137 28, about a mile south of Whitetish lake. The dip of this 
exceptionally large drift: block was about 30° westward. Several other limestone slabs up to five or six feet 
in length were seen within a short distance southwest, 

The proportion of boulders and coarse gravel in the till here is greater than the average for the southern 
and western three-fourths of Minnesota, but notably less than for most of its portion northeastward. In 
proceeding from east to west across these counties and onward to the Red River valley, one observes, in the 
comparison of sections of the till, a gradual decrease of the boulders, gravel and sand, and a corresponding 


increase of the clay. This is due to the westwardly increasing proportion of the till which is derived from 


the erosion of Cretaceous beds, chiefly shales. 
On the shores of all the larger lakes, wherever they consist of till, many boulders are left by the wave 


erosion of the finer portions of this deposit, and often these boulders are piled as a wall along the foot of the 
eroded slopes of till to the hight of tive to eight feet above the water level. During the building of the 


Winnibigoshish and Leech lake dams, a steamboat was used to tow rafts of these boulders from distant parts 


of the lake shores to the sites of the dams for use in their construction. The largest boulders are rarely ten 


to fifteen feet in diameter: but more than ninety-nine per cent. of them are of smaller sizes. 
The deepest seetion of the till learned for this area or its borders is that of Mr. J. T. Frater’s well, 


about a mile southeast of Brainerd, on the Mille Laces road in the N. E. 14 see. 6, Long Lake township. This 
well, which has a total depth of 112 feet, was in till, yellowish near the surface and dark bluish below, to 
the depth of 100 feet. Next were stratified sand and gravel, from which water rose to twenty-six feet below 
the surface. The till could be picked to the depth of only one or two inches by a heavy blow. 


An earher part of this chapter, treating of topography, 


Terminal moratnes. 
has noted the width, extent, and contour of the two principal knolly and hilly belts 
of morainie drift which cross this district. The more southern and narrower 
belt extending from Pillager northeast and east into the northern part of Aitkin 
county, is regarded as contemporaneous and continuous with the Leaf Hills 
moraine. In Otter Tail county, where this moraine, blending with the Fergus Falls 


moraine, forms the prominent Leaf hills, a later and subordinate morainic belt, 
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branching from that of the Leaf hills, at the northeastern end of their curving 
course, extends thence northward by the east side of Rush and Pine lakes to unite 
again with the western and main division of the Leaf Hills moraine in southern 
Becker county, there forming the conspicuous Toad mountains. Likewise, in north- 
western Crow Wing county and southwestern Cass county, this moraine is twofold, 
its separate portions spreading, as in Otter Tail county, to a maximum distance of 
fifteen or eighteen miles apart. 

The eastern and older part of the Leaf Hills moraine, here accumulated on 
the southeast side of this waning lobe of the ice-sheet, has been noted in its course 
from Pillager and the northwest side of Sylvan and Gull lakes to Whitefish lake, 
the north side of lake Washburn, and onward to the Moose river on the east line of 
Cass county and to the Poqguodenaw mountain in Aitkin county. The western and 
later subordinate moraine, correlated with the foregoing as together equivalent with 
the Leaf Hills moraine, runs from Gull lake northwesterly asa belt of moderately 
rolling or in portions somewhat hilly till, several mules wide, to Moose and Spider 
lakes, and thence north by the west side of Pine Mountain lake to unite with the 
broad Itasca moraine on the south side of Ten Mile lake. 

Next west of Pine Mountain lake this moraine occupies a width of about six 
miles and rises 50 to 125 feet above the Jake, with very irregular contour, often in 
steep slopes and enclosing here and there frequent large hollows without outlets. On 
the road from Park Rapids to Hackensack, it has a width of one and a half miles, 
lying in sections 20, 29, and 2S, adjoining the west side of Jack Pine lake. Its 
material there is till, containing plentiful boulders and forming ridges fifteen to 


fifty feet above the enclosed hollows and lakelets. [t is distinguished by being 


timbered with large white pines; whereas all the remainder of the country traversed 
by this road bears only jack pines and occasionally Norway or red pines, its 


material being modified drift, mostly in plains but near to the moraine somewhat 


broken. 
The more northern and broader Itasca moraine hax a magnificent development 


in its course from west to east through Cass county, passing south of Kabecona, 
Leech, Boy, and Mud lakes. On the read from Hackensack to Leech Lake Agency, 
the traveller passes first over about a mile of nearly level sand and gravel, bearing 
jack pines, beyond which the next three miles, to the shore of the eastern arm of 


Ten Mile lake, are typically morainic till, in countless small knolls, ridges, and_ hills, 


often enclosing hollows without outlet. The highest land here crossed is about. 1,475 


feet above the sea, or 100 feet above Fourteen Mile and Ten Mile lakes, 
there is scanty, this high land affords an extensive outlook westward over the lower 


As the timber 


portions of the moraine about these lakes and northwesterly toward lake Kabecona. 
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T. 140-26, and the east part of sees. 36 and 25, T. 141 27, thence curving to the 


northeast and east, with a total length of nearly four miles. This is mostly a 


narrow ridge of sand and fine gravel, rising ten to twenty-five feet above the 
lakes, swamps, and hay meadows on either side. and measuring usually three to 


six rods in width. A road used by the lumbermen in teaming hay extends some 


two miles along its top. 
When broad indentations or embayments of the retreating ice-front were 


formed at the mouths of the glacial rivers and thetr supply of modified drift was 
abundant, the deposits widened from the small and narrow kames and knolls to 
plateaus of stratified sand and gravel, varving in width up to one or two miles, 
An example of these accumulations is found on the east side of the Upper Gull 
lake, the surface of the plateau being fifty to sixty feet above the lake. Five to 
eight miles farther north, in the northeastern part of T. 136 29,a more extensive 
plateau, known as the Adams plain, fifty feet above lake Sibley on its southwest 
side, stretches thence to the northeast corner of the township, where it overlies 
the southwestern end of a prominently lilly belt of morainie till, with many large | 
and sinall boulders, that reaches northeast to Whitefish lake. The places of Upper 
Gall lake and lake Sibley were filled by unmelted portions of the waning and 


receding ice-border, while the sedimentation alongside was rapidly amassing the 


plateaus. 


Modified drift plams. Far the greater part of the modified drift was spread 
somewhat evenly on the land area close in front of the retreating ice, and forms 
nearly flat plains or only shghtly undulating or rolling tracts. with their swells usu- 
ally five to fifteen feet above the depressions, to which the descents are by long and 
gentle slopes. These plains cover large portions of Crow Wing and Cass counties. 
From the mouth of the Crow Wing river their expanse, forty to sixty feet above 
the Crow Wing and the Mississippi and ten to forty feet above the lakes which 
occupy its depressions, extends thirty miles, with a width of ten to fifteen miles, 
northeast and north to the Pine river and Cross and Whitefish lakes. Nearly 
intersected by the narrow Leaf Hills moraine, the same expanse, passing over low 
portions of this belt, continues northwestward twenty-five miles, with an average 
width of ten miles, to lakes Ada and Hattie, Ponto and Pine Mountain lakes, and 


to the mouths of Fourteen Mile lake and Jaek Pine lake, at the heads, respectively, 


of the Boy and Pine rivers, ‘ 
Again, separated from the foregoing by an irregular north to south belt. of 


till, which has numerous outliers within the general modified drift tracts, similar 
extensive sand and gravel plains stretch from south to north on the west border 
of Cass county, along the east side of the Crow Wing river to its sourees in the 
series of eleven lakes, lying mostly in Hubbard county, through which it flows. 
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Less extensive plains of modified drift, from a mile or less to ten or fifteen miles 
in length, often with half or two-thirds as great width, are interspersed here and 
there with the till areas upon all the northern half of Cass county, excepting the 


Itasca moraine. These sand and gravel tracts adjoin the Big Rice lake, lake Laura, 


Boy and Mud lakes and Winnibigoshish and Cass lakes. They have less develop- 


ment around Leech lake, whose shores are prevailingly till. 


Most of the plans here described consist of gravel and sand to great depths, enclosing few or no layers of 
clay. The streams flowing away from the ice-sheet soon deposited these beds. The finer silt and clay, on the 
other hand, which must have been nearly equal in volume with these coarse beds, were borne forward down the 
valleys to the slower flowing lower courses of the rivers. These sediments in the Mississippi and Missouri 
valleys contributed to the loess, to the Port Hudson clays of the broad bottom-lands far south of the moditied 
drift sand plains, and to the mud of the fast extending Mississippi delta. But in some places along the upper 
course of the Mississippi, exceptional deposits brought into the main valley by its tributaries, or other conditions 
of uneven sedimentation, led to the ponding back of the water or to its diversion into still lagoons outside the 


course of the river’s current, whereby so tranquil conditigns were provided that fine silt and clay beds, some- 
times of considerable thickness, were laid down. Such beds are revealed by deep well borings beneath the 


gravel and sand plain on which Brainerd is built. 

The well of the electric power house at the north end of the Brainerd street car line is 107 feet deep, 
passing through sand to a depth of seventeen feet from the surface: then, finer quicksand, eleven feet, with 
very abundant water in its lowest two feet; and stratified clay, containing no gravel nor boulders, seventy-nine 
feet; to sand at the bottom, from which water rose about seventy feet. The water brings in fine sand, which 
has caused much trouble by filling the pipe. 

A third of a mile southward from this locality, the clay bed at the Koop Brothers brickyard is covered by 
twelve feet of sand, and has a thickness of seventy three feet to the underlying sand. 

About two miles distant to the southwest, on the southern limit of the city of Brainerd, Mr. Adam Brown 
has a well forty-eight feet deep, which was bored in June, 1892. Its section in descending order was sand and 
tine gravel, twenty feet ; quicksand, two feet: and dark gray clay, twenty six feet (only one-third as thick as 
farther north): to sand, from which water rises with a powerful flow to the surface, but will rise when confined 


It is the only artesian well of this city and all the surrounding 


in the pipe only two or three feet higher. 
The water at 


country. This well, cased with two-inch pipe, flows at the rate of twenty-tive gallons per minute. 
first brought up much very fine sand, but soon flowed clear; and its rate of flow during the first year showed an 
increase rather than diminution. It is of excellent quality for drinking and cooking, deposits no iron rust, and 
is less hard for use with soap in washing than the water of the ordinary shallow wells. 
The surface at Mr. Brown's, on the northern verge of a ravine tributary to the Mississippi, represents approxi- 
mately the general level of the plain in its vicinity, but is indeed some tive to eight feet lower; and it is prob- 


ably ten or fifteen feet below the plain at Brainerd depot, and somewhat more below the well and brickyard 


Its temperature is 44.° 


previously noted. 
As originally deposited, the clay and overlying sand were continuous across the present channel of the 


Mississippi, which has since been cut by the river. The bed of this channel ts somewhat above the underlying 
sand, which, therefore, has no discharge here for its water, excepting by this artesian well and perhaps by 
springs which may rise through crevices or joint planes of the clay. The ravine passing Mr. Brown’s house and 
well has a small stream fed by many springs, one of the largest of which is about a half mile east. 


ever, probably flow from the overlying sand at its plane of junction with the clay. 
In some places the sand plains of this district are 


These, how- 


Kettle-holes and lake basins. 
indented or pitted by frequent hollows from a few rods to an eighth of a mile or 
more in diameter, round, oblong, or of irregular forms, sinking fifteen to twenty- 
five feet below the general level of the otherwise nearly flat surface. These bow]l- 
like depressions, known as fcftle-holes, were observed in abundance on the line of the 
Brainerd & Northern railroad in sees. 28, 21, and 20, T. 135-28, on the central part 
of the area partially bounded by Long lake and lakes Edward and Hubert. They 
differ only in size from the large depressions of these plains, up to several miles in 
diameter, which extend below the plane of saturation and consequently are occu- 
pied by the many small and large lakes. Some of these lake basins sink fifty to 
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seventy-five feet or more below the general level, and their waterjsurfaces are five 


to twenty feet below the same level. Among the lakes of this district which are 


wholly or in large part enclosed by modified drift plains, I learned the reputed maxi- 


mum depths of the following: Gull and Long lakes, each about eighty feet; lake 


Gilbert, forty feet; Pelican lake, fifty feet; and Cross and Whitefish lakes, about 
forty feet; Boom lake, at J. J. Howe's saw and planing-mills in the south edge of 
Brainerd, about thirty rods in its maximum diameter and said to be thirty feet 
deep, extending lower than the bed of the Mississippi river, with which it is con- 
nected by a little strait, is a very curious and interesting, although small, example of 
this class of lakes. 

Where lake basins are wholly or mainly surrounded by till areas, like Leech 
lake, they may be ascribed to irregularities in the deposition of the drift due to its 
being eroded here and heaped up there by the fluctuating action of the ice-sheet. 
In the case of the kettle-holes and lakes enclosed by stratified drift, however, we 
must suppose that the spaces thus left empty were filled by unmelted remnants of 


the departing ice-xheet while the deposition of the adjoining sand and gravel beds 


took place from sediment-laden floods. In the smallest kettle-holes insular ice 


masses Of only a few rods diameter stood out first as peninsulas and finally were cut 
off from the receding glacial border; but for the oecupation of the lake basins some 


of these ice masses were miles in extent. The adjoining deposition was very rapid 


and was practically completed in each instance before the ice mass occupying the 


hollow was melted. 


Chains of lakes, 
the modified drift went on all around are occasionally arranged in series or chains. 


Such are Sylvan, Gull, and Upper Gull lakes, with lakes Mayo and Sibley, forming a 
series about nineteen miles long from south to north. Another series, through which 
the Pine river flows, comprises Cross, Rush, and Whitefish lakes, reaching, if we add 


The lake basins which were left unfilled while deposition of 


also the Hay lakes, about ten miles from east to west. Again, the series or chain of 
Pine, Daggett, Kagle, Mitchell, Crooked, Lawrence, and Leavitt lakes, through which 
Daggett brook flows, extends fifteen miles from southwest to northeast. In a more 
general view, however, these three series may be very properly regarded as forming 
together a single chain of seventeen lakes, individually ranging from one to nine 
miles in length, and together reaching about fifty miles from south to north and 
northeast. These lakes are intimately related with the principal belt of the Leaf 
Hills moraine, for they mostly le close alongside it, but northeastward from White- 
_ fish lake are a few miles in front of it. 

During a stage of the glacial retreat uncovering the southeastern part of this 
district, many lakes, mostly enclosed partly or wholly by modified drift, were formed, 
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until the ice rested or somewhat reiidvanced in its accumulation of this belt of hilly 


morainie drift. Next, after a further retreat of five to ten miles northwestward, 


another stage attended by the formation of many lakes ensued, the more southern 
of which, from lakes Ada and Hattie to Pine Mountain lake and upon an extent of a 


half dozen miles thence northward, are entirely or partially enclosed by the stratified 


gravel and sand deposits. In this tract, however, a clearly consecutive order of the 


lakes is not discerned. 


Another very notable chain of lakes is found along the head stream of the 


Crow Wing river, and is continued northeasterly to Leech lake. This chain com- 


prises the Fifth to the Eleventh of the Crow Wing lakes, reaching thirteen miles 


from southwest to northeast, the last being known preéminently by that name of 


the river of which it is the farthest source. These lakes are bounded by areas of 


the modified drift which usually rises on each side with terrace-like steepness to 


plains forty to sixty feet above the lakes. Following the same course onward, 


we pass a large slough or marsh, then a land interval for one and a half miles, and 
then a succession of four lakes, the last two toward the northeast, respectively 


about two miles and one mile long, to the West bay of Leech lake, which in the 


continuation of the same line, has the extraordinary depth of 100 feet. These 


four lakes are comprised within the Itasca moraine, and are enclosed by confusedly 


grouped hilly deposits partly of till and partly of modified drift. 
Neither this chain of lakes, nor that beginning with Sylvan and Gull lakes, 


can be ascribed to stream erosion while the ice-sheet was retreating or during the 


subsequent time. So far as they are enclosed by stratified drift deposits, they 


must have been due to remnants of the departing ice filling these hollows; but it 


seems difficult to account for the successive existence of such ice masses along 


these definite south to north and northeast courses. No till is spread over the 


adjoining modified drift, and these lake chains therefore cannot be explained, 
asin Martin county,* by the partial filling of interglacial stream courses with the 


drift of a later ice advance. They do not here mark avenues of drainage, unless 


they may in some degree represent preglacial valleys not wholly obliterated and 


filled by the mantle of the drift. Instead, they evidently owe their contour chiefly 


to having been the sites of the latest remnants of the ice-border while it was being 


rapidly withdrawn, with accompanying rapid sedimentation on each side. 

Ice-formed ridges on lake shores. Vadges of sand and gravel four to six feet 
above the ordinary level of the lakes (which is commonly one to two feet below the 
highest stages), and having a width of about 100 feet, are sometimes seen dividing 


one lake from another. In numerous cases, a smaller and usually very shallow lake 


* Geology of Minnesota, vol. i, 1884, pp. 479-485. 
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_ora marsh has been thus separated from a larger lake basin. Such ridges on lakes 


enclosed by modified drift are seldom more than a quarter or third of a mile long, 
and they are mostly attributable quite as much to winds and wave-building as to 


ice-pushing. 
On shallow lakes having shores of till, ridges of similar size are perhaps equally 


frequent, being there made up largely of boulders. These low ridges have been 


formed principally by the expansion of the ice during each winter, pushing the 


boulders and other drift outward from the shallow lake bed to the shore. 


Alluvium. Sinee the close of the Glacial period, much stream channelling has taken place, and the 
resulting deposits of fine silt on the bottom lands of the rivers are alluvium, of scanty area and thickness in 
this district, to be distinguished, as different in origin and methods of transportation and deposition, from 
the stratitied beds of the streams that flowed from the departing ice-sheet. The formation of the alluvium 


has been very slow in comparison with that of the moditied drift. 
MATERIAL RESOURCES, 


The timber of this district, the fertility of its soil for agriculture, and the 


water-power of its streams, are its chief resources. It is well fitted, also, by its 


multitudes of lakes and streams and its extensive wooded areas, to be the resort of 
sportsmen and of the many who in their summer vacations seek rest in the country 
from the toil and care of the diverse and exacting occupations of the city. Deer, 
hares, partridges (grouse), ducks, trout, bass, and whitefish, here reward the skillful 


gunner and angler. 
Among all the species of fish in these lakes, the whitefish is probably the most 


valuable. It is abundant m deep cool lakes, which receive inflows of springs. The 
whitefish grows to a maximum weight of about ten pounds in Whitefish lake and 
many others, including a second and smaller Jake of this name (translated from its 


Ojibway designation) on the Boy river in thé south part of T. 140-30, and the higher 


Fourteen Mile and Ten Mile lakes of the same stream. 


Forestry. The cutting of pine timber (here about half white pine and half Norway or red pine) and its 
transportation to the Mississippi river for manufacturing into lumber, chiefly by the saw-mills of Brainerd, 
Little Falls, St. Cloud, and (in largest amount) Minneapolis, have constituted the principal industries of this 
district to the present time. The supplies of merchantable pine, however, are approaching exhaustion, and 
agriculture must be the principal resource of wealth in the future. During the winter of 1892-93, according 
to the estimates in the surveyor general's office, the amount of pine timber cut and to be floated down on the 
Bear and Leech Lake rivers was 14,078,120 feet: on the Vermilion river, 11,991,350 feet; on the Pine river, 
122,536,700 feet: on the Little Pine river, 8,122,420 feet: and on the Crow Wing river, 49,148,350 feet. Besides 
these, the district supplied much timber to the headwaters of the Willow river, before noted in the chapter 
on Aitkin county, and directly to the Mississippi, on which, according to the same records, the cut of pine 
logs was 125,000,000 feet. These additions probably offset the portions received on the Crow Wing river from 
areas west and south of this district, so that its total supply of timber in this single winter was approximately 
206,000,000 feet, being nearly one-third of the entire product (677,856,540 feet) upon the upper Mississippi and 
all its tributaries above Minneapolis.* 

The Northern mill company, successor to the Gull River lumber company, cut during this winter about 
75,000,000 feet of pine timber, of which some 10,000,000 feet were driven down the course by the Gull lakes 
and river and onward hy the Mississippi to Minneapolis. The remaining 65,000,000 of this company’s timber 
were transported by railroad to their mill at Brainerd, partly to be sawn there and partly to be put in the 
Mississippi river and thence floated to the company’s Minneapolis saw-mills. For bringing the logs to the 


* Mississippi Valley Lumberman (Minneapolis), June 30, 1893. 
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Brainerd mill, this company in 1892 constructed the Brainerd & Northern Minnesota railway, about forty miles 
long, to Munroe and Spider lake, with two branches respectively four and six miles long, extending westward 
and northeastward from Munroe. January Ist, 1893, the log-carrying by this railroad began, and in the next 
seven months the 65,000,000 feet of timber were brought to Brainerd. Two trains, of about twenty cars in 
each, made two trips daily in this work. During the winter this company employed severa: hundred men in 
cutting logs; about eighty men were employed in loading the logs on trains; and about 300 men in the steam 
saw-mill, planing-mill, and lumber yards, at Brainerd. These mills can produce 200,000 feet of sawn and 
planed lumber in a day’s work of ten hours. During 1894 the railway west of lake Hubert was taken up; and a 
new line, about fifty miles long, was constructed by the same company, from lake Hubert north to the South 
arm of the West bay of Leevh lake. 

Another railroad for lumbering purposes, built for the Cross Lake logging company and known as the 
Mississippi & Northern railroad, extends twenty-three miles from Cross lake north to the Boy river. This 
railroad, like the preceding, has several supply branches, one of which runs from it west to Little Norway lake. 
Logs from the upper waters of Boy river are floated down to Girl lake, from which they are loaded on trains 
and carried to Cross lake, whence they are floated down the Pine and Mississippi rivers to the Minneapolis 


saw-mills. 
Agriculture. Already a considerable number of farms, both on the tracts of 


modified dnft and of till, have been cleared and under cultivation ten to twenty 
years. Some of these farms are at the lumber camps of the pineries, five to ten 
acres being cultivated by each proprietor or company doing a large business for the 
supply of provisions during the winters when many men are employed in cutting 
and hauling logs. The principal crops are wheat, barley, oats, corn, hay, potatoes, 
turnips, and other garden vegetables and small fruits, as strawberries, gooseberries, 
currants, and raspberries. : 

Dairying and stock-raising are doubtless destined to become prominent branches 
of the farm industries of this region, although the winters are long, requiring cat- 
tle, horses, and sheep to be fed in the barn during about half the year. At present 
the natural meadows along the streams supply the greater part of the hay for 
wintering stock, including the large numbers of draft horses and oxen used for the 
operations of lumbering. This native hay often consists principally of the blue-joint 
grass (Deyeuxia or Calamagrostis canadensis), growing four to six feet high and 
yielding two tons per acre. On uplands the cultivated herd’s-grass or timothy, red- 
top, and other species, yield well; and with the native blue-grass (Poa pratensis) and 


red and white clover, they make a durable pasture sward. 

Water-power. For the purpose of supplying an increased flow of the Mississippi 
river during the late summer and any other times of drought, in the interests of 
steamboat navigation below Saint Paul and subordinately of the flouring mills and 
saw-mills using the water-power of this river at Little Falls, Sauk Rapids, Saint 
Cloud, and Minneapolis, three large dams, namely the Winnibigoshish, Leech lake, 
and Pine river dams, have been constructed in this district by the United States 


government. These are portions of a reservoir system on the headwaters of the 


Mississippi, which also includes the Pokegama dam in Itasca county and the Sandy 


lake dam in Aitkin county. 
The Winnibigoshish dam, on the Mississippi river at the mouth of lake Winnibigoshish, when at its usual 


stage of flowage, raises this lake eight feet above its former low water level, the area so flowed being about 
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Abundant boulders occur of all sizes up to five feet, and a few are larger, to ten 


feet or more in diameter. Continuing northward, similar morainie til, but with 
r 


less broken contour, extends to a northern boundary about a mile south of the 
Portions of it are well wooded with white pine, including its maximum 


Ayveney. 
Its northern slope, descending somewhat grad- 


hight. of 1,500 feet above the sea. 
ually 200 feet in about six miles to the level of Leech lake, is interspersed with 
occasional small Jakes which he twenty-tive to fifty feet below the road and average 
of the adjomming land. A prevailingly hilly surface, often with crests 50 to 100 feet 
above neighboring hollows and lakes, characterizes this morainie belt eastward by 
Woman, Wabado, and Little Boy lakes. and thence northeast by the headwaters of 
Bear and Vermilion rivers, to Sugar and Pokegama lakes and the Mississippi river 
In Itasca countye 

Kumes, eskers, and plateaus. During the departure of the ice-sheet. the streams 
of its melting often deposited in their ice-walled channels thick accumulations of 
gravel and sand that had been washed away from the surface of the ice on which 
much drift. previously englacial, had become exposed by the gradual ablation. The 
boulders of this drift and much of its finer material remained on many areas of the 
thinned ice-sheet and were allowed to fall loosely as the superficial part of the till. 
But other portions, sueh as the rains. rills, and small and large streams of the 
dissolving ice-fields were able to transport, ranging from coarse gravel to the finest 
silt and clay, were borne away by the running waters. Flowing near their mouths 
in eafions of ice, with slackening currents because of the ehange from steeply 
descending courses on the ice-sheet to the less inclined land surface, the streams 
there deposited between the enclosing ice-walls much bedded gravel and sand, which 
after the disappearance of the ice were left as knolls, mounds, and sometimes long 
ridges called kames. Along the morainie belts short streams often formed such 
knolly and hillocky deposits over extensive tracts. They also oeeur, though less 
plentifully, m many other localities throughout the areas both of the ordinary 
moderately undulating or rolling till and of the nearly level moditied drift. 

Closely allied with these short kames, and here included under this name, are 
more prolonged sand and gravel ridges which were built up along the courses of the 
ice-walled streams for some distances above their mouths, probably growing in 
length from south to north as the front of the ice-sheet retreated. These longer 
modified drift ridges are now distinguished by some glacialists from the preceding 
under the name of eshvrs or osars, but the term kame is distinctively applied to these 
ridges by the reports of this survey, as it was earlier so used. Occasionally in this 
district a single kame extends a half mile to one mile or more. Often knolls and 


very short ridges are associated with them; and the two structural classes of modi- 
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fied drift deposits, intermingled or in alternation, are sometimes traceable in a 
series several miles from south to north. 

The most noteworthy series of short knolls and kames observed in this district 
borders the Mississippi on its northwest side at Brainerd and for a distance of about 
three miles up the river, terminating in Ahrens hill. Where it is intersected by the 
Northern Pacific railroad, the width of this rolling gravelly belt is about a half 
mile; its crests are fifty to seventy-five feet above the river and ten to thirty feet 
above the hollows which separate the knolls and ridges; and from its western side a 
sand plain, nearly level with the mean hight of the kame belt or fifty feet above 
the river, extends westward. Following this belt northeasterly, it is found to be 
developed as a continuous kame of variable hight, mostly with steep slopes and 
rounded, sometimes narrow, crooked crest, in its most northern mile. An old road 
there runs along the crest, from the dam and bridge two miles above the city to the 
house of Mr. Charles Ahrens and over the top of the highest part, known as Ahrens 
hill, to its northern base. 

The material of this kame is interbedded coarse and fine gravel and sand, the 
largest cobbles, mostly well waterworn, being about a foot in diameter. Its hight 
above’ the Mississippi river on the east and lake Gilbert on the west ranges from 
sixty feet in its lowest portions to 175 feet at the culminating point, about a quarter 
of a mile north of Mr. Ahrens’ house and forty feet above it. On the southern 
slope and gently declining western flank of this higher part of the ridge Mr. 
Ahrens cultivates several acres, obtaining good crops of the ordinary farm staples, 
besides strawberries, raspberries, and other small fruits and garden produce. 
Descending the rather steep northern slope of Ahrens hill, I noted three or four 
boulders, the two highest, close to the top, measuring each about two feet, and 
another halfway down about five feet in diameter. These boulders, doubtless 
brought by ice-rafts and now lying partly imbedded on the surface, were the only 
rock masses too large for transportation by stream currents seen on this kame 
or elsewhere along the kame and esker series of which it is a part. The northern 
end of the series is abrupt, so that, in the view from the north, Ahrens hill is seen 
to rise from an approximately level sand and gravel plain of great extent whose 
surface is sixty to seventy-five feet above the river and lake. 

Into the eastern part of Pine Mountain lake a narrow and low kame, five to 
fifteen feet above the water level, projects to a distance of about a half mile from 
the main shore. It is covered with Norway pines. 

Another noteworthy though low kame is reported by Mr. H. V. Winchell as 
Observed by him during land examinations in the year 1883, extending from south 


to north, along the west side of lake Laura, through the west edge of sec. 6, 
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T. 140-26, and the east part of secs. 36 and 25, T. 141 27, thence curving to the 


northeast and east, with a total length of nearly four miles. This is mostly a 


narrow ridge of sand and fine gravel, rising ten to twenty-five feet above the 
lakes, swamps, and hay meadows on either side, and measuring usually three to 


six rods in width. A road used by the lumbermen in teaming hay extends some 


two miles along its top. 
When broad indentations or embayments of the retreating ice-front were 
their supply of modified drift was 


formed at the mouths of the glacial rivers and 
and narrow kames and knolls to 


abundant, the deposits widened from the small 


plateaus of stratified sand and gravel, varving in width up to one or two miles, 


An example of these accumulations is found on the east side of the Upper Gull 
lake, the surface of the plateau being fifty to sixty feet above the lake. Five to 
elght miles farther north, in the northeastern part of T. 136 29,a more extensive 
plateau, known as the Adams plain, fifty feet above lake Sibley on its southwest 
side, stretches thence to the northeast corner of the township, where it overlies 
the southwestern end of a prominently hilly belt of morainie till, with many large | 
and small boulders, that reaches northeast to Whitefish lake. The places of Upper 
Gull Jake and lake Sibley were filled by unmelted portions of the waning and 


receding ice-border, while the sedimentation alongside was rapidly amassing the 
plateaus. 


Modified drift plains, 
somewhat evenly on the land area close in front of the retreating ice, and forms 


Far the greater part of the modified drift was spread 


nearly flat plaims or only shghtly undulating or rolling tracts, with their swells usu- 
ally five to fifteen feet above the depressions, to which the descents are by long and 
gentle slopes. These plains cover large portions of Crow Wing and Cass counties. 
From the mouth of the Crow Wing river their expanse, forty to sixty feet above 
the Crow Wing and the Mississippi and ten to forty feet above the lakes which 
occupy its depressions, extends thirty miles, with a width of ten to fifteen miles, 
northeast and north to the Pine river and Cross and Whitefish lakes. Nearly 
intersected by the narrow Leaf Hills moraine, the same expanse, passing over low 
portions of this belt, continues northwestward twenty-five miles, with an average 
width of ten miles, to lakes Ada and Hattie, Ponto and Pine Mountain lakes, and 


to the mouths of Fourteen Mile lake and Jack Pine lake, at the heads, respectively, 


of the Boy and Pine rivers, ‘ 
Again, separated from the foregoing by an irregular north to south belt of 


numerous outliers within the general modified drift tracts, similar 


till, which has 
and gravel plains stretch from south to north on the west border 


extensive sand 
of Cass county, along the east side of the Crow Wing river to its sources in the 


series of eleven lakes, lying mostly in Hubbard county, through which it flows. 
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Less extensive plains of modified drift, from a mile or less to ten or fifteen miles 
in length, often with half or two-thirds as great width, are interspersed here and 
there with the till areas upon all the northern half of Cass county, excepting the 
Itasca moraine. These sand and gravel tracts adjoin the Big Rice lake, lake Laura, 
Boy and Mud lakes and Winnibigoshish and Cass lakes. They have less develop- 


ment around Leech lake, whose shores are prevailingly till. 


Most of the plans here described consist of gravel and sand to great depths, enclosing few or no layers of 
clay. The streams flowing away from the ice-sheet soon deposited these beds. The finer silt and clay, on the 
other hand, which must have been nearly equal in volume with these coarse beds, were borne forward down the 
valleys to the slower flowing lower courses of the rivers. These sediments in the Mississippi and Missouri 
valleys contributed to the loess, to the Port Hudson clays of the broad bottom-lands far south of the modified 
drift sand plains, and to the mud of the fast extending Mississippi delta. But in some places along the upper 
course of the Mississippi, exceptional deposits brought into the main valley by its tributaries, or other conditions 
of uneven sedimentation, led to the ponding back of the water or to its diversion into still lagoons outside the 
course of the river’s current, whereby so tranquil conditigns were provided that tine silt and clay beds, some- 
times of considerable thickness, were laid down. Such beds are revealed by deep well borings beneath the 
gravel and sand plain on which Brainerd is built. 

The well of the electric power house at the north end of the Brainerd street car line is 107 feet deep, 


passing through sand to a depth of seventeen feet from the surface: then, tiner quicksand, eleven feet, with 
very abundant water in its lowest two feet; and stratitied clay, containing no gravel nor boulders, seventy-nine 
feet ; to sand at the bottom, from which water rose about seventy feet. 
has caused much trouble by tilling the pipe. 

A third of a mile southward from this locality. the clay bed at the Koop Brothers brickyard is covered by 
twelve feet of sand, and has a thickness of seventy-three feet to the underlying sand. 

About two miles distant to the southwest, on the southern limit of the city of Brainerd, Mr. Adam Brown 


has a well forty-eight feet deep, which was bored in June, 1892. Its section in descending order was sand and 
tine gravel, twenty feet ; quicksand, two feet; and dark gray clay, twenty-six feet (only one-third as thick as 


farther north); to sand, from which water rises with a powerful flow to the surface, but will rise when econtined 
It is the only artesian well of this city and all the surrounding 
The water at 


The water brings in fine sand, which 


in the pipe only two or three feet higher. 
country. This well, cased with two-inch pipe, flows at the rate of twenty-tive gallons per minute. 
first brought up much very tine sand, but soon flowed clear: and its rate of flow during the first year showed an 
It is of excellent quality for drinking and eooking, deposits no iron rust, and 


increase rather than diminution. 
Its temperature is 44.° 


is less hard for use with soap in washing than the water of the ordinary shallow wells. 
The surface at Mr. Brown's, on the northern verge of a ravine tributary to the Mississippi, represents approyi- 
mately the general level of the plain in its vicinity, but is indeed some five to eight feet lower: and it is prob- 
ably ten or fifteen feet below the plain at Brainerd depot, and somewhat more below the well and brickyard 


previously noted. 
As originally deposited, the clay and overlying sand were continuous across the present channel of the 


Mississippi, which has since been cut by the river. The bed of this channel is somewhat above the underlying 
sand, which, therefore, has no discharge here for its water, excepting by this artesian well and perhaps by 
The ravine passing Mr. Brown's house and 


springs which may rise through crevices or joint planes of the clay. 
These, how- 


well has a small stream fed by many springs, one of the largest of which is about a half mile east. 
ever, probably flow from the overlying sand at its plane of Junction with the clay. 


Kettle-holes and lake basins. In some places the sand plains of this district are 


indented or pitted by frequent hollows from a few rods to an eighth of a mile or 


more in diameter, round, oblong, or of irregular forms, sinking fifteen to twenty- 


five feet below the general level of the otherwise nearly flat surface. These bowl- 


like depressions, known as keftle-holes, were observed in abundance on the line of the 
Brainerd & Northern railroad in sees. 28, 21, and 20, T. 185-28, on the central part 
of the area partially bounded by Long lake and lakes Edward and Hubert. They 
differ only in size from the large depressions of these plains, up to several miles in 
diameter, which extend below the plane of saturation and consequently are occu- 
pied by the many small and large lakes. Some of these lake basins sink fifty to 
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seventy-five feet or more below the general level, and their waterjsurfaces are five 
to twenty feet below the same level. Among the lakes of this district which are 
wholly or in large part enclosed by moditied drift plains, I learned the reputed maxi- 
mum depths of the following: Gull and Long lakes, each about eighty feet; lake 
Gilbert, forty feet; Pelican lake, fifty feet; and Cross and Whitefish lakes, about 
forty feet; Boom lake, at J. J. Howe’s saw and planing-mills in the south edge of 
Brainerd, about thirty rods in its maximum diameter and said to be thirty feet 
deep, extending lower than the bed of the Mississippi river, with which it is con- 
nected by a little strait, is a very curious and interesting, although small, example of 
this class of lakes. 

Where lake basins are wholly or mainly surrounded by till areas, like Leech 
lake, they may be ascribed to irregularities in the deposition of the drift due to its 
being eroded here and heaped up there by the fluctuating action of the ice-sheet. 
In the case of the kettle-holes and lakes enclosed by stratitied drift, however, we 
must suppose that the spaces thus left empty were filled by unmelted remnants of 


the departing ice-sheet: while the deposition of the adjoining sand and gravel beds 


took place from sediment-laden floods. In the smallest kettle-holes insular ice 


masses of only a few rods diameter stood out first as peninsulas and finally were cut 
off from the receding glacial border; but for the occupation of the lake basins some 
of these ice masses were miles in extent. The adjoining deposition was very rapid 


and was practically completed in each instance before the ice mass occupying the 


hollow was melted. 
Chains of lakes, 
the modified drift went on all around are occasionally arranged in series or chains. 
Such are Sylvan, Gull, and Upper Gull lakes, with lakes Mayo and Sibley, forming a 
Another series, through which 


The lake basins which were left unfilled while deposition of 


series about nineteen miles long from south to north. 
the Pine river flows, comprises Cross, Rush, and Whitetish lakes, reaching, if we add 
also the Hay lakes, about ten miles from east to west. Again, the series or chain of 
Pine, Daggett, Eagle, Mitchell, Crooked, Lawrence, and Leavitt lakes, through which 
Daggett brook flows, extends fifteen miles from southwest to northeast. In a more 
general view, however, these three series may be very properly regarded as forming 
together a single chain of seventeen lakes, individually ranging from one to nine 
miles in length, and together reaching about fifty miles from south to north and 
northeast. These lakes are intimately related with the principal belt of the Leaf 
Hills moraine, for they mostly le close alongside it, but northeastward from White- 
_ fish lake are a few miles in front of it. 

During a stage of the glacial retreat uncovering the southeastern part of this 
district, many lakes, mostly enclosed partly or wholly by modified drift, were formed, 
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until the ice rested or somewhat reiidvanced in its accumulation of this belt of hilly 


morainic drift. Next, after a further retreat of five to ten miles northwestward, 


another stage attended by the formation of many lakes ensued, the more southern 
of which, from lakes Ada and Hattie to Pine Mountain lake and upon an extent of a 
half dozen miles thence northward, are entirely or partially enclosed by the stratified 
gravel and sand deposits. In this tract, however, a clearly consecutive order of the 


lakes is not discerned, 


Another very notable chain of lakes is found along the head stream of the 


Crow Wing river, and 1s continued northeasterly to Leech lake. This chain com- 


prises the Fifth to the Eleventh of the Crow Wing lakes, reaching thirteen miles 


from southwest to northeast, the last being known preéminently by that name of 


the river of which it is the farthest source. These lakes are bounded by areas of 


the modified dnft which usually rises on each side with terrace-like steepness to 


plains forty to sixty feet above the lakes. Following the same course onward, 


we pass a large slough or marsh, then a land interval for one and a half miles, and 
then a succession of four lakes, the last two toward the northeast, respectively 


about two miles and one mile Jong, to the West bay of Leech lake, which in the 


continuation of the same line, has the extraordinary depth of 100 feet. These 


four lakes are comprised within the [Itasca moraine, and are enclosed by confusedly 


grouped hilly deposits partly of till and partly of modified drift. 
Neither this chain of lakes, nor that beginning with Sylvan and Gull lakes, 


can be ascribed to stream erosion while the ice-sheet was retreating or during the 


subsequent time. So far as they are enclosed by stratified drift deposits, they 


must have been due to remnants of the departing ice filling these hollows; but it 


seems difficult to account for the suecessive existence of such ice masses along 


these definite south to north and northeast: courses. No till is spread over the 


adjoining modified drift, and these lake chains therefore cannot be explained, 


as in Martin county,* by the partial filling of interglacial stream courses with the 


drift of a later ice advance. They do not here mark avenues of drainage, unless 


they may in some degree represent preglacial valleys not wholly obliterated and 


filled by the mantle of the drift. Instead, they evidently owe their contour chiefly 


to having been the sites of the latest remnants of the ice-border while it was being 


rapidly withdrawn, with accompanying rapid sedimentation on each side. 


Ice-formed ridges on lake shores. Vudges of sand and gravel four to six feet 


above the ordinary level of the lakes (which is commonly one to two feet below the 
highest stages), and having a width of about 100 feet, are sometimes seen dividing 


one lake from another. In numerous cases, a smaller and usually very shallow lake 


* Geology of Minnesota, vol. i, 1834, pp. 479-485. 
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_ ora marsh has been thus separated from a larger lake basin. Such ridges on lakes 
enclosed by modified drift are seldom more than a quarter or third of a mile long, 
and they are mostly attributable quite as much to winds and wave-building as to 


ice-pushing. 
On shallow lakes having shores of till, ridges of similar size are perhaps equally 


frequent, being there made up largely of boulders. These low ridges have been 


formed principally by the expansion of the ice during each winter, pushing the 
boulders and other drift outward from the shallow lake bed to the shore. 


id 

Allurium., Since the close of the Glacial period, much stream channelling has taken place, and the 

resulting deposits of fine silt on the bottom lands of the rivers are alluvium, of scanty area and thickness In 

this district, to be distinguished, as different in origin and methods of transportation and deposition, from 

the stratitied beds of the streams that flowed from the departing ice-sheet. The formation of the alluvium 
has been very slow in comparison with that of the modified drift. 


MATERIAL RESOURCES, 


The timber of this district, the fertility of its soil for agriculture, and the 


water-power of its streams, are its chief resources. It is well fitted, also, by its 


multitudes of lakes and streams and its extensive wooded areas, to be the resort of 


sportsmen and of the many who in their summer vacations seek rest in the country 


from the toil and care of the diverse and exacting occupations of the city. Deer, 


hares, partridges (grouse), ducks, trout, bass, and whitetish, here reward the skillful 


gunner and angler. 
Among all the species of fish in these lakes, the whitefish is probably the most 


valuable. It is abundant in deep cool lakes, which receive inflows of springs. The 


whitefish grows to a maximum weight of about ten pounds in Whitefish lake and 
many others, including a second and smaller lake of this name (translated from its 
Ojibway designation) on the Boy river in thé south part of T, 140-80, and the higher 


Fourteen Mile and Ten Mile lakes of the same stream. 


Forestry. The cutting of pine timber (here about half white pine and half Norway or red pine) and its 
transportation to the Mississippi river for manufacturing into lumber, chiefly by the saw-mills of Brainerd, 
Little Falls, St. Cloud, and (in largest amount) Minneapolis, have constituted the principal industries of this 
district to the present time. The supplies of merchantable pine, however, are approaching exhaustion, and 
agriculture must be the principal resvurce of wealth in the future. During the winter of 1892-93, according 
to the estimates in the surveyor general's office, the amount of pine timber cut and to be floated down on the 
Bear and Leech Lake rivers was 14,978,120 feet: on the Vermilion river, 11,991,350 feet; on the Pine river, 
122,536,700 feet; on the Little Pine river, 8,122,420 feet: and on the Crow Wing river, 49,148,350 feet. Besides 
these, the district supplied much timber to the headwaters of the Willow river, before noted in the chapter 
on Aitkin county, and directly to the Mississippi, on which, according to the same records, the cut of pine 
logs was 125,000,000 feet. These additions probably offset the portions received on the Crow Wing river from 
areas west and south of this district, so that its total supply of timber in this single winter was approximately 
206,000,000 feet, being nearly one-third of the entire product (677,836,540 feet) upon the upper Mississippi and 
all its tributaries above Minneapolis.* 

The Northern mill company, successor to the Gull River lumber company, cut during this winter about 
75,000,000 feet of pine timber, of which some 10,000,000 feet were driven down the course by the Gull lakes 
and river and onward by the Mississippi to Minneapolis. The remaining 65,000,000 of this company’s timber 
were transported by railroad to their mill at Brainerd, partly to be sawn there and partly to be put in the 
Mississippi river and thence floated to the company’s Minneapolis saw-mills. For bringing the logs to the 


* Mississippi Valley Lumberman (Minneapolis), June 30, 1893. 
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Brainerd mill, this company in 1892 constructed the Brainerd & Northern Minnesota railway, about forty miles 
long, to Munroe and Spider lake, with two branches respectively four and six miles long, extending westward 
and northeastward from Munroe. January Ist, 1893, the log-carrying by this railroad began, and in the next 
seven months the 65,000,000 feet of timber were brought to Brainerd. Two trains, of about twenty cars in 
each, made two trips daily in this work. During the winter this company employed severa: hundred men in 
cutting logs; about eighty men were employed in loading the logs on trains; and about 300 men in the steam 
gaw-mill, planing-mill, and lumber yards, at Brainerd. These mills can produce 200,000 feet of sawn and 
planed lumber in a day’s work of ten hours. During 1894 the railway west of lake Hubert was taken up; and a 
new line, about fifty miles long, was constructed by the same company, from lake Hubert north to the South 
arm of the West bay of Leech lake. 

Another rajlroad for lumbering purposes, built for the Cross Lake logging company and known as the 
Mississippi & Northern railroad, extends twenty-three miles from Cross lake north to the Boy river. This 
railroad, like the preceding, has several supply branches, one of which runs from it west to Little Norway lake. 
Logs from the upper waters of Boy river are floated down to Girl lake, from which they are loaded on trains 
and carried to Cross lake, whence they are floated down the Pine and Mississippi rivers to the Minneapolis 


saw-mills. 
Agriculture. Already a considerable number of farms, both on the tracts of 


modified drift and of till, have been cleared and under cultivation ten to twenty 
years. Some of these farms are at the lumber camps of the pineries, five to ten 
acres being cultivated by each proprietor or company doing a large business for the 
supply of provisions during the winters when many men are employed in cutting 
The principal crops are wheat, barley, oats, corn, hay, potatoes; 


and hauling logs. 
turnips, and other garden vegetables and small fruits, as strawberries, gooseberries, 


currants, and raspberries. 

Dairying and stock-raising are doubtless destined to become prominent branches 
of the farm industries of this region, although the winters are long, requiring cat- 
tle, horses, and sheep to be fed in the barn during about half the year. At present 
the natural meadows along the streams supply the greater part of the hay for 
wintering stock, including the large numbers of draft horses and oxen used for the 
operations of lumbering. This native hay often consists principally of the blue-joint 
grass (Deyeuxia or Calamagrostis canadensis), growing four to six feet high and 
yielding two tons per acre. On uplands the cultivated herd’s-grass or timothy, red- 
top, and other species, yield well; and with the native blue-grass (Poa pratensis) and 


red and white clover, they make a durable pasture sward. 

Water-power. For the purpose of supplying an increased flow of the Mississippi 
river during the late summer and any other times of drought, in the interests of 
steamboat navigation below Saint Paul and subordinately of the flouring mills and 
saw-mills using the water-power of this river at Little Falls, Sauk Rapids, Saint 
Cloud, and Minneapolis, three large dams, namely the Winnibigoshish, Leech lake, 
and Pine river dams, have been constructed in this district by the United States 


government. These are portions of a reservoir system on the headwaters of the 


Mississippi, which also includes the Pokegama dam in Itasca county and the Sandy 


lake dam in Aitkin county. 
The Winnibigoshish dam, on the Mississippi river at the mouth of lake Winnibigoshish, when at its usual 


stage of flowage, raises this lake eight feet above its former low water level, the area so flowed being about 


SO THE GEOLOGY OF MINNESOTA 
(Springs and wells. 


seventy-five square miles, At its maximum capacity, however, this dam may raise the water of lake Winnihigo- 
shish six feet higher, to a total head of fourteen feet. at which stage it would: also raise Cass lake, with its Pike 


bay four feet above their stave of low water. The added area of fowage then would be about forty square miles, 


making the total maximum area of this reservoir about 115 square miles. 

Leech lake, covering about 165 square miles, is usually raised by the dam on its outlet, nearly one mile 
from its mouth. to a hight of three or four feet above its former lowest stave: but this head may be increased to 
six and a half feet. 

On the Pine river, the government dam, built at the mouth of Cross lake, usually holds this lake about 
nine feet. and Pine, Daggett. Rush, Whitetish, Trout, and Hav lakes from eight to two feet, above their former 
hights. Its maximum capacity of flowaze. however, provided for in building the dam but not expected to be 
used, would raise all these lakes ten feet higher, 

Above this dam, the Pine river and its branches have several dams, built by the lumbermen to supply 
water in the log driving season, by which Norway lake, lakes Ada and Hattie, Pine Mountain lake, and others, 
are made reservoirs, their average head being probably about tive feet. 

The Boy river, likewise, has several low dams for log driving. Others are on the Bear and Vermilion 
rivers. The principal dam of the latter stream, flowing the Big Vermilion lake, is reported to have a head of six 
feet: below which a small dam of two feet is at the mouth of the Little Vermilion lake. 

On the Willow river and its North and South forks, above the Shovel lake dam, which is in Aitkin county, 
this district has the following six dams for logging. as reported in ascending order by Mr. Martin M. Watson, of 
Aitkin: the Rice Jake dam, in the S. W. 1, of see. 19. T. 4b 25, having a head of six feet: the Poplar Knoll dam. in 
the north edge of the S. W. 44 of see, 6. T. 141 25, with seven feet head: the Layton dam, in the northeast corner 
of sec, 31, T. 142 25. six feet: the Box dam, near the middle of the north half of see. 28 in the same T. 142-2, 
just below the junction of the two forks, with head of nine feet: the North Fork dam, near the centre of see. 1, 
this township, four and a half feet, flowing North Fork lake: and, on the South fork, the Watson dam, in the 
east edge of sec. 35) of the same township, having six feet head. 

At the mouth of Gull lake, a dam raises this and Upper Gull lake and lake Kilpatrick about four feet. 
Two other dams, each of four or tive feet head, are reported on the Gull river between the Upper Gull lake and 
lake Mayo, the upper one flowing lakes Mayo and Sibley. On the Cullen brook, tributary from the northeast 
to the Fish Trap brook and Upper Gull lake. a dam of only three feet head flows the three Cullen lakes. Home 
brook, tributary from the southwest to lake Kilpatrick, is reported to have three dams for lumbering: the first, 
about three miles, by the course of the brook, above its mouth, has six feet head: the next, two and a half 
miles farther, about four feet: and the highest, again two and a half miles above the foregoing, five feet. 


All these dams are constructed for reservoir uses, and their valuable water- 
power is at present unemployed. It seems probable, however, that some of these 
sites will be ocenpied, in the not far distant future, by flouring mills, and, with the 
full development of manufacturing industries in the Northwest, perhaps also by 
woolen and cotton factories like those of the Merrimae, Androscoggin, Mohawk, 
Genesee, and other New England and New York rivers. The many lakes on the 
streams of this district, dammed to become reservoirs, will provide water-power of 
permanent and nearly uniform amount throughout the year, which is the most 
necessary condition of ifs successful use for manufacturing. 

Springs and wells, From the porous moditied drift there issue many springs 
alony the ravines and valleys of the principal streams and upon the banks of lakes. 
They show that the plane of saturation les at no great depth beneath all the flat 
or moderately undulating tracts of sand and gravel, where wells, penetrating to that 
plane, find a plentiful supply of water usually within fifteen to twenty-five feet 
below the surface. On till areas, though wells likewise generally obtain ample 
water supplies at similar moderate depths, they oceasionally are obliged to go much 
deeper before reaching any water-bearing layer. The water, both of springs and 
wells, is of excellent quality, though “hard” for use with soap because of its dis- 
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solved lime and magnesic carbonates. Only one artesian well, situated in Brainerd 


and described on page 75, is obtained in this part of the state. 


Numerous large and cool springs, issuing on the northwest shore of the Mississippi, near its low water 
line within a quarter of a mile below the bridge and dam a half mile distant to the southeast from the 
southwestern arm of lake Gilbert, probably come from this lake, owing through the intervening ridge of very 


porous kame drift. 

Chalybeate springs are frequent, though not more so, probably, than in most other parts of central 
and northern Minnesota. One of remarkable size and abundant iron-rust deposits is reported by Mr. William 
E. Seelye as flowing into the south end of the southwestern arm of Leech lake. At another locality, on the 


southern part of the Itasca moraine belt south of this lake, he found much bog iron ore deposited along a very 


springy small watercourse for an extent of at least a hundred rods, 


CHAPTER LV. 


THE GEOLOGY OF HUBBARD COUNTY AND NORTHWESTERN PORTION 
OF CASS COUNTY. 


ee eee Psie ms 


By J. E. TODD. 


Location and area, This county (plate 59) is located in the north central portion 
of the state. It is bounded on the south by Wadena county, on the west by Becker, 
and on the east and north by Cass. Its area includes sixteen government townships, 
585.40 square miles, or 374,657.12 acres. It is estimated that 62.57 square miles or 
This is in the form of numerous lakes, none of which are 


40,045.25 acres are water. 
It lies in close proximity 


of wide extent; some attain a length of five or six miles. 
to the head of the Mississippi river, lake Itasca almost touching its western border. 
It includes some of the higher lands of the central portion of the state. 

Its settlements are few, and confined to the southern portion of the county. 
Park Rapids, a thriving town of about 500 inhabitants, is the county seat, located 
in the east edge of Fish Hook prairie on Fish Hook river, and the present ter- 
minus of a branch of the Great Northern railway. An older settlement, Manters- 
burg, now called Hubbard, is located at the south end of Manter’s lake. The 
principal industry of the county is lumbering, the Crow Wing river being its 
principal natural outlet. 

The first explorer who crossed the county was Schoolcraft, who was sent by 
_ the general government to explore the sources of the Mississippi river. He ascended 
the Schoolcraft river and passed through the extreme northwestern corner of the 
county to lake Itasca. J. N. Nicollet, another government explorer, in 1836, passed 
through the extreme northern limit of the county in going from Leech lake to lake 
Itasca. Mr. O. EK. Garrison, a surveyor of twenty years’ acquaintance with the upper 
_ Mississippi region, was commissioned by the state geological survey to explore the 
sources of the Mississippi in 1880, He ascended the Crow Wing and Fish Hook 
rivers and took careful note of the topographic features, vegetation and location of 
the streams. In 1887, Mr. Warren Upham, of the state geological survey, touched 
the western border of the county in a trip to lake Itasca. An interesting account of 
his trip is given in the bulletin of the Minnesota Academy of Natural Sciences, vol. 
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iii, No. 2. The report of Garrison’s exploration is given in the ninth annual report 
of this survey. The writer has only had the opportunity of examining the county 
along the Great Northern railroad and the trails from Leech lake to White Earth 
and from Park Rapids to lake Itasca. Considerable additional information has been 


gathered from residents and lumbermen. 


SURFACE FEATURES. 


Topography. The general slope of the southwestern half of the county is 
toward the south; in the northern extremity toward the north, while small portions 
on the eastern border are inclined eastward toward Leech lake. Its general altitude 
varies from 1,400 feet above the sea on the south to 1,600 feet or more on the north- 
Its surface, except in the southwestern portion, is more broken than most of 
It exhibits features common to the counties along the divide between 
West of Fish Hook river the surface is a sandy 


west. 
the state. 
the Mississippi and the Red river. 
plain, North of a line entering the county near the southwest corner of T. 142-35, 


running southeast, passing north of Fish Hook lake and thence eastward toward 
Leech lake, the surface shows the usual features of a prominent moraine, the high 
stony knobs rising from 50 to 150 above the interspersed lakes and marshy basins. 
The width of this morainic strip has not been definitely determined and as has 
been suggested further on may not be strictly continuous. About the headwaters 
of the streams draining to the north the surface is less broken and lies in high 
sandy ridges trending north and south with valleys of erosion between them. 
The lakes for the most part are without outlets and usually have abrupt sides, 
are uniformly deep and are filled with pure water. Some of them present fine 
stretches of sandy beach, but usually their shores are marshy or walled with steep 


In the southeastern part of the county the surface resembles 


slopes of bare boulders. 
A branch 


that in the extreme north, the valleys trending toward the southwest. 
from the central morainic area extends from near Fish Hook lake in a southeast 
direction, probably to the northeast corner of Wadena county. Its hills are not so 


high as those already mentioned. 
Lakes. While their general features have already been stated, we will briefly 


enumerate in detail some of the more important lakes. 

Little Man Trap lake, two miles in length, on the west side of T. 142-35, is the 
head of the principal branch of Crow Wing river. It derives its name from its 
Its relation to the steep hills makes it difficult to pass for one 


very irregular form. 
Potato lake, lying mostly in the southeast corner of T. 141-35, 


traversing the forest. 
is about five miles in length along its curve, its southern end is about a mile in width, its 


main portion extends northwest nearly three miles; on its northeastern side extends 
a curved channel resembling a hook, About two miles south of Potato lake is Fish 
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Both of these lakes are traversed by the channel of Fish Hook river, 
the longest branch of Crow Wing river. Manter’s lake is a long narrow lake extend- 
ing about six miles north and south in Ts, 139. 140 34. It les in a deep valley and 
Man Trap lake is a very irregular lake 
It is about five miles in length east 
Another very irregular 
Its sinuous form is 


fully six miles in Jeneth but nowhere more than one-half mile in width. Sand lake 
It is named from the extent of sandy 


Hook lake. 


connects at its south end with Shell river. 
surrounding the southeast corner of T. [42 34. 
and west and probably has thirty or forty miles of shore. 
lake called Crooked lake, ies in the north half of T. 141 33. 


hes about three miles east of Potato lake. 


beach along its western border. Tt is surrounded by high hills and is seventy feet 


Elbow lake is about six males east of Park Rapids and has a length of six 
Near Its western end on the north side there springs a 
The grade of the 


deep. 
miles in the same direction, 
branch running two or three miles ina northwesterly direction. 
(Gireat Northern railway lies along its north side, while the old trail from Leech lake 


to White Earth Agency runs along its south side. Savlor’s lake is a large one of a 


cluster of lakes in T. 139 33. 

A very remarkable chain of lakes extends from about three miles east of Manter’s lake in a quite direct 
line northeast to the west side of the southwestern point of Leech lake. The whole number of lakes of 
considerable size is about a dozen. They are sometimes named by numbers, a few have special names given 
them. The largest one which les a little beyond the limits of Hubbard county is marked on some maps as 
Kayvinogamauy or Long lake, also Crow Wing lake. and the one next to Leech lake is called War Pool lake. 
These lakes lie in a river-Hke valley with abrupt sides from twenty to forty feet in hight. They are elongated in 
the direction of the valley. They are usually connected by a distinct watercourse, They form the headwaters 
of Crow Wing river and are utilized for driving logs into that stream. Long lake, the Eleventh lake, is 1,390 and 
Fifth lake is 1,378 feet above the sea, the others grading regularly between, 

On the northern slope of the county there are three or four prominent lakes connected with the east 
branch of the Mississippi. Known also as the Naiwa, Yellow Head, or Schoolcraft river. In T. 143-34 are three 
lakes from one to two miles in length. The eastern one, lake Sheridan, lies at the head of the valley draining 
into lake Kabekona. The one next west is called lake George or Norway: the third, lake Paine. The last two 
empty into Lizard river. a branch of the Schoolcraft. In the northeastern corner is lake Assawa, named by 
Schoolcraft lake Alice. It was from this lake that both Schoolcraft and Nicollet made portages to lake Itasca. 

Drainage. The principal stream draining the county is Crow Wing river, which rises in the remarkable 
chain of lakes before mentioned. It leaves the lakes near the southwest corner of T. 140 33, and after passing 
through Saylor’s lake, and others associated with it in the township south, it receives the waters of Shell river 
just before it leaves the county. Shell river rises in Shell lake in Becker county and crosses the extreme south- 
west corner of Hubbard at a point where it approaches the southwest corner of T. 139-34. It receives the 
headwaters of Fish Hook river, which stream is the longest one in the county. The latter rises in Little Man 
Trap lake and after a very irregular course in Becker county it returns southeast to Hook, Potato or Arago 
lake, thence runs southward in a quite direct course, leaving the county near the northwest corner of T. 139-34, 
as before stated. Fish Hook river receives another important branch from the west called Straight river. It 


rises in Straight lake in Becker county and flows through the northern portion of T. 139 35 and joins Fish Hook 
In the northernmost townships of the county there are three small 


river ahove the ouflet of Manter’s lake. 
streams flowing quite directly northward, which empty into the Mississippi by way of Schoolcraft. river. 
GEOLOGIC FEATURES. 


There are no known exposures of bed rock in the county. The whole area is 


deeply covered with glacial drift. There have been no deep excavations made, for 


the abundance of water at or near the surface and no supposition of mineral wealth 


have removed all incentives to such explorations. The nearest exposure of bed 


rock is the slate and dioryte near Motley, in the northeast corner of Todd county, 
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thirty-six miles south. Ata greater distance east bed rock has been found on Little 
Boy river. It seems not improbable that the lower Paleozoic formation may underlie 


the county and possibly the lower Cretaceous may be struck in patches. 
The geological formations are naturally divided into ylacial deposits and 


The former are represented by the till both of the plains and 


recent formations. 
Alluvial and 


moraines, and the modified drift, including the higher terraces. 
lacustrine deposits of limited extent constitute the recent formations. 
Glacial deposits. These include all that were formed during the occupation 
of the region by the ice-sheet during the Glacial epoch and those formed during its 
retreat by its direct action and by the action of the waters attending it. Scratched 
boulders and pebbles of foreign origin are the most obvious characteristics of this 
formation. These pebbles and boulders are usually of the toughest rocks, mostly 
crystalline, which have survived the tremendous grinding action of the glaciers. 
Till. This is the most abundant of the glacial deposits and forms the universal 
It is an unstratified mixture of sand, 


base and principal body of the glacial drift. 
So far as has been 


clay, and boulders in different proportions in different localities. 
observed in the county it has a uniformly ashy gray color sometimes stained with 
vegetable matter, and probably deep below the surface shows a darker hue, but not 
of the deep blue character which is usually found in the drift of the Minnesota 
valley. A few shallow cuts along the railroad were the only accessible exposures 


of this deposit. 
Boulders. The extreme searcity of limestone pebbles and boulders is perhaps 
the most notable characteristic of the drift of this region. This characteristic is 


shared. by the upper portion of the Mississippi basin. Dr. J. R. Walker, for many 


years Indian agent at Leech lake, informed me that in his traveling through the 
region he had found but one limestone boulder, and that in Leech Lake river near 
Mud lake. In my first passage across the county along the Leech lake trail to Park 
Rapids and thence to Itasca, not a boulder nor pebble of limestone was found, 
though constant search was made for them, until several were found on the beach 
at the north end of lake Itasca. Mr. Upham reports finding no hmestone in his trip 


But on the other hand, Mr. Garrison reports his observation upon 


to lake Itasea. 
He also 


the pebbles in Fish Hook lake as being twenty-five per cent. limestone. 


calls attention to the incrustation of the rocks in Fish Hook river. An examination 


of the freshly cut grade of the railroad east of Park Rapids disclosed three or four 
boulders of yellow limestone and numerous pebbles. They were of a soft, impure, 
yellowish dolomyte, not of the hard, tough variety seen along the Minnesota and 


James valleys. A possible explanation of this discrepancy of observations may be 


found in the dissolving of the limestone upon the surface by the action of decom- 
posing vegetation, while in fresh exposures or where streams have been active in 
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excavating, it has not been exposed Jong enough to such influences to disappear. 


The prevalent boulders of the region are a fine grained granite of whitish 


tint, though a pinkish tint is less common, Trap and eruptive rocks are not abun- 


dant, a fine green basalt is especially rare. A light green trap with white hard spots 
is more frequent; a hight blue quartz porphyry was seen several times. A sandstone 


which is yellow on the outside and white on the inside is well marked and not very 


uncommon; sometimes banded pieces oceur. It seems not improbable that the 


sandstone boulders may be remains of strata which contributed most of the abun- 


dant sand of the region to the drift. The black Jasper or slate is not infrequently 


found, It sometimes shows a decomposition by weathering. Cneiss and hornblendic 


gneiss are common, A six-inch boulder of pegmatyte, and a hornblendic granite, 


showing feldspar grains four inches in-length, were noted. Specimens of gneiss 
with many quartz veins and boulders of quartz as if from such veins, remind one of 


those observed on the shores of the Lake of the Woods and the Big Fork river. 


Moraines. Mr. Warren Upham, in several places has expressed himself with 
reference to the moraines in this region, In a manner similar to the followmg quo- 


tation, taken from his account of a visit to lake Itasea, bulletin of the Minnesota 


Academy of Natural Sciences, vol. in, No, 2: 

One of the most distinct morainic belts of this state, denominated Itasea moraine, extends with a width of 
five to ten miles from the south side of Pokegama and Leech lakes westward to Little Man Trap lake, to the 
southern arm of Itasca: thence following the hight of the land it bends northwest and north between Itasca and 
the source of the Red river and continues northward between the upper and lower Rice lakes to Clear 


Water lake, ete. 
Ile further states that the southern border of the Itasca moraine, where 1t was 
crossed, is a stony ridge whieh is eight miles south of the extremity of the eastern 


arm of lake Itasea. There is httle doubt that the region as outlined by him is most 


prominently morainic, The heavily wooded character and roughness of the region 
have rendered it impossible to study it as would be necessary to decide the several 
questions which rise concerning it. From a study of Cass county, north of Hubbard, 
as well as the southern portion of Hubbard county and the region south of Leech 
lake along the trails, the writer is constrained to present a different interpretation of 
the morainic features of the county, leaving to more favored students to determine 
The southern limit of the moraine is reached near the 


which view may be correct. 
It also extends southeastward along the north 


middle of the east side of T. 142 36, 
side of Fish Hook lake toa subdued bouldery belt with numerous small depressed 


basins about three miles east of Park Rapids. The number and arrangement of the 


lakes and streams indicate that it probably extends past Saylor’s lake to the north- 
Between Park Rapids and Elbow lake its highest 


east corner of Wadena county. 
Mr. Joseph Sombs 


ridges attain an elevation of about fifty feet above Park Rapids. 
of Park Rapids, who has been acquainted with the region for years, informed me 
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that this broken country continued further southeast past the head of Pine river to 
the vicinity of Gull lake, in southern Cass county. The region in the southeastern 


part of the county, as traversed by the Leech lake trail, is moderately undulating 


but would not be considered morainic. Mr. Sombs also informed me that the most 


noted and highest divide of the morainic region passes from the west arm of Leech 
lake to a little north of Long lake and thence runs nearly northwest through towns 
141-32; 142-33; and 143-34. He says that it touches the west end of lake Kabekona 
and passes three miles south of its eastern end. The direction and position of this 
second strip would correspond with the moraine found north of Cass lake, which is 
known to extend west and southwest across the Mississippi, several miles east of 
lake Bemidji. There is also a strip further north and curving west and south along 
It also would correspond, eastward, to the 


the west side of Schoolcraft river. 
The second mentioned moraine 


morainic strip along the south side of Leech lake. 
was examined by the writer north of Long lake in the northern part of T. 141-32 


and found to be very rugged and grand in its development, with its high hills rising 


100 to 150 feet above the lake south. | 
Stratified or modified drift. This constitutes much of the superficial portion of 


the glacial drift. It is usually distinguished from the till by its sandy character, 
and its being commonly found at lower levels. It has evidently been redrranged, if 
not at first deposited, by water. (arrison says: “The country along the north of the - 
one (Shell river), and west of the other (the Fish Hook river) is radically different 


(from the region to the south of Shell river).” 


The characteristic tree is still the black pine but there are also many small burr-oaks with aspen, birch, 
and iron wood with small prairies and openings. These openings have a character peculiar to themselves. As 
throughout the west the prairie oak openings were considered choice locations by the early emigrants, so here 


the black pine openings with the small prairies are the choice places. 
This peculiar tract of country commences near the west bank of Crow Wing river where it runs south 


through Ts. 139, 140-33, and extends northwest to the range of hills dividing the head of Otter Tail or Red river 
from the Shell. The Shell river forming its southern boundary, it extends to a line of hills bearing N. 80° W., 


and crossing the 10th standard parallel to the north of Fish Hook lake. 
This portion of the country is a quite level plain from fifteen to forty feet 


above the streams. The country in the southeastern townships is also quite sandy 


but more undulating and interspersed with basins and occasional patches of clay. 


The sandy modified drift stands as a broad terrace along the chain of lakes at 


the head of Crow Wing river and about forty feet above the water. It is also 


similarly developed along Elbow lake and Fish Hook river. The railroad cuts show 
that its upper portions are beautifully stratified sand, loam, and gravel. Away from 


the streams upon the terrace-like plains, flat patches of clay occur as though 


deposited by water. This may be due to the reirrangement of the masses of till 


protruding through the sand. 
Lhe probable origin of the chain of lakes. 
the remarkable chain of lakes at the head of Crow Wing river. 


Attention has already been called to 
This feature 
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resembles the remarkable chains deseribed by Mr. Upham im his geology of Martin 
county and similar cases are not infrequent in the vicinity of moraines. It appears 
evident that we have as a first condition for their formation a deep water-cut 
channel. Whether this be of preglacial character. as argued by Mr. Upham, or of 
subglacial origin, remains to be determined, The lakes are deep and seem part of a 
former connection between the west arm of Leech lake and the present valley of 
Crow Wing river. It is not difficult to imagine that, previous to the advance of the 
ie-sheet, a valley existed draining toward Leech lake. It may also be conceived 
that in some way the ice of the glacier should oeeupy this channel and so prevent 
its destruction, Such a supposition does not, however, explain how in the movement 
of the ice-sheet this channel should not have been so distorted and broken or filled 
as to be unrecognizable. 

The other view conceives that the stream flowed underneath the ice somewhat 
as seen in the case of Muir glacier of Alaska and Humboldt glacier of Greenland. 
In case the movement of the iee should block or break the connection by which the 
water entered the channel, either from the upper surface of the ice or from under- 
neath the ie. the channel might become filled with ice, either by the freezing of 
the water in extreme cold seasons or by the pressing of the ice into it from above. 
Should this take place shortly before the ice-sheet ceased its onward progress, in the 
stage of recession, the channel would be most deeply tilled with ice and in the 
gradual melting away the englacial deposits would be arranged in a sandy plain 
before the iee should have entirely melted away. When at last the ice disappeared 
it would leave a cast of its form, or of the deeply projecting blocks, as deep lake- 
beds, more or less connected, such as we have already deseribed. This view accounts 
for the repetition of these channels more or Jess parallel with one another and with 
all degrees of completeness, for it is conceivable that while waters escape in a general 
direction they may first escape through one channel and then through another. The 
older channels would be more distorted or broken into irregularly arranged lake beds 
by the subsequent movement of the ice, while the last oue formed would probably 
keep its shape and position, Tencee we look upon this chain of lakes as marking 
the former escape of water from underneath the deeper ice whieh rested upon Leech 
lake to the edge of the ice-sheet, when it rested along the line which we have traced 
as running from Fish Hook lake southeastward. A further discussion of this fea- 
ture will be found in the next section.* 

The probable glacial history af the county. Before leaving this interesting sub- 
ject let us briefly sketch the probable history of the formations enumerated. 
According to Mr. Upham the movement of the ice sheet over this region was mamly 


* There seems to be nothing in the phenomena of this old channel incompatible with the idea that it is an abandoned river- 
hed. due to the existence of a river that drained an iee-dammed lake, whieh covered Leech lake and the surrounding country 
before the ice had so far withdrawn as to allow of a discharge through the Leech Lake river to the Mississippi river.—N. H. W. 
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from the north and northeast. The county in the earlier portion of the Glacial 
epoch was deeply covered with perhaps two or three thousand feet of ice, at which 
time its edge was as far south as Minneapolis. After centuries of retreat the edge 
of the ice crossed the county from the vicinity of Little Man Trap lake to Fourteen 
Mile lake south of Leech lake, thus leaving the southern part of the county uncov- 
ered except by broad, shallow streams supplied from the melting of the ice. 

This condition of affairs prevailed for a long time, during which the progress 
of the ice brought boulders and elay from the north and by its melting deposited 
them in the form of a vast ridge formed of a mixture of clay and sand, gravel and 
boulders, and a large mass of ice. When eventually the increase of warmth finally 
melted the ice more rapidly than it flowed southward, the edge of the ice retreated 
gradually from the county toward the north. The surface of this vast mdge aceu- 
mulated, was at. first probably not very uneven, but as the masses of buried ice 
gradually melted, there was left in their place lake basins, and smaller depressions, 
as we find them to-day. The waters escaping from the ice-sheet, and from these 
melting masses of ice, deposited the stratitied drift which we have just deseribed. 
The till is probably the mass of material accumulated underneath the ice-sheet 
during the time when it covered the whole country. 

According to the other view of the arrangement of moraines, Which we have 
presented, the movement of the ice upon this region was mainly from the east and 
northeast, possibly at times from south of east. As, according to the previous 
theory, the ice at one time deeply covered the whole state as far south as Minne- 
apolis, it moved in what may be called two great streams, one commg down the 


Red river and Minnesota river valleys into central Lowa; the other came from lake 


Superior westward and deployed against the east side of the former stream, When - 


at their maximum they were virtually confluent, but as they melted away they 
gradually became separated one from the other, and at a certain stage the Leaf hills 
were formed between them. These lie to the west of Itasca, forming the great 
divide between the Mississippi and the Red rivers, As the ice gradually dwindled 
away in periods of rapid melting alternating with pemods when the edge was 
comparatively stationary, there came a time when the edge of the ice crossed the 
county from the vicinity of Little Man Trap lake to the northeast corner of Wadena 
county, leaving the southwestern portion of the county uncovered while the rest re- 
mained submerged. At this stage the Fish Hook river began its course, and the Crow 
Wing, after a considerable course underneath the ice, came forth in the northeast 
corner of T. 139 34. Manter’s lake may have been a portion of an earher drainage 
channel from the same quarter, through the line of klbow lake, which may have 


branched underneath the ice, one branch coming from the north and the other from 
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the east. The ice lay along this line probably a comparatively short time, when it 
receded to a line extending northwest from the east end of Long lake in T. 141-82. 
It halted along that line until it aeeumulated the seeond mentioned, or Leech lake 
moraine, Which oecupies the northeastern portion of the county. At that time the 
upper portion of the Mississippi was probably uncovered as far east as lake Bemidji; 
the surplus waters escaping from the edge of the ice north, probably made their 
way over the divide into Clear Water lake or Sand river, into the Red river region, 
which was then occupied by lake Agassiz. It remains for the future students of this 
county to accumulate evidence which shall reveal the more minute and more inter- 
esting details of this remarkable history. 

Recent deposits, These are so limited and so readily inferred from their relations 
to the streams and lakes that no attempt has been made to represent them on 
the map. : 

The lacustrine formations are represented by the accumulations of wash and 
vegetable material in the bottom of the numerous basins and lakes before mentioned. 
The different basins present the various stages in the process of filling; from those 
where the bottom is occupied by open water to those where a dry and grassy meadow 
fills the basin. The stages in the process may be sketehed as follows: The first 
wash from the surrounding hills accumulates several feet of tine stratified material 
on the shores and bottoms of the lakes. Where there are considerable tributaries 
this process may go on quite rapidly and if the lake is shallow it soon becomes a 
marsh filled with various water-plants. This process of washing went on much 
more rapidly before the region was covered with forests. Next, the tamaracks and 
mosses begin to encroach upon the open water on the shore. The addition of silty 
material decreases and layers of vegetation accumulate several feet in thickness. 
Later the mosses become dry enough to support the grasses, which in time form the 
turf which destroys the moss. In the deeper portions of the basin at this stage it 
may have the character of a quagmire or quaking bog. Eventually the bottom of 
the basin everywhere becgmes firm ground. In the large basins the action of the 
wayes and ice interferes with the growth of vegetation and produces distinct beach 
deposits. Where the shore is gently sloping these are sandy and present the usual 
features of bars and spits. Where the sides are abrupt the rapid freezing of the 
lakes on the approach of winter tends to push the sandy beach into ridges by the 
expansive action of the ice. These, however, are apt to be washed down and rear- 
ranged as the lakes fill in early spring. The strong action of the ice upon the abrupt 
slopes where the boulders are more abundant pushes them into steeply sloping walls - 
resembling the artificial riprapping of streams. 


The recent alluvial deposits are almost entirely confined to the immediate 
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vicinity of streams. The streams cannot well be said to have bottoms or flood 
plains. Their banks are usually low and marshy and their fluctuations of level 
are inconsiderable, because of the influence of forests. The terraces, particularly 
along the streams at a hight of a few feet, are in most cases, if not in all, to be 
referred to the Glacial epoch and will be considered under the next head. 


ECONOMIC FEATURES. 


The results of the Glacial epoch have contnbuted to the resources of Hub- 
bard county, not only in the beautifully varied topography which rivals that of. the 
far famed lake region in the north of England but has made it the natural home for 
yame of all kinds. As the country is developed and railroads make it easy of access, 
it will be an important portion of the numerous similiar summer resorts for the 
tourists and sportsmen. At present the woods abound in deer and grouse, while the 
lakes flutter with geese and ducks, and swarm with fish of the most attractive kinds. 
Leech lake and lake Itasca may become centres of recreation, while the smaller 
lakes near will form important portions of the sportsmen’s ground. 

Wells. As before stated, the whole country 1s abundantly supphed with whole- 
some water easily accessible. In the flat regions of stratified dnft the water is 
abundant in wells at a few feet from the surface. The sections of some of these 
wells are reported as follows: 


At Park Rapids several wells were noted by Mr. Garrison and he gives the following as typical: 
12 feet sandy loam; 
4 inches sandy clay; 
1 foot gravel and sand interspersed with small rounded stones and coarser sand 
and water which was 3 feet deep. 

At Howard on section 20, T. 139-34, he found a well thirty six feet deep, showing only three feet of sandy 
gravel and loam, twenty-eight feet of sand and gravel, followed by quicksand bearing water. Other wells in 
the vicinity reached the bouldery clay at from thirty-two to forty-two fect. 

At Colgrove’s, southeast quarter of section 12, T. 141-36, upon the terrace near Fish Hook river a well was 
driven forty feet; fifteen to twenty was pure sand and apparently below, hard clay with boulders. Water in the 
early occupation of the country is usually obtained by sinking shallow wells in the edge of a lake or swamp. 


Vegetation. As already stated, the county is mostly covered with forests, but 
in the southwestern corner are small prairies of limited extent, the largest of which 
is Fish Hook prairie. These prairies occupy the surface of stratified drift, and are 
the outliers of the more continuous prairie found in the western portion of Becker 
county and west of the Leaf hills. Of the forest, the black pine is the characteris- 
tic tree upon the dryer surface, while the aspen prevails upon the moist portions 
outside of the swamps. These two trees are arranged in patches alternating with 
one another in a very irregular manner. Instead of this distribution being the 
result of the “tension” or struggling for location it seems commonly to be a conse- 
quence of difference in the subsoil. In an examination of the freshly cut grade of 
the railroad to Leech lake, this became very manifest. In looking along the grade, 


wherever water stood in pools after a recent rain, the aspen was the prevailing tree, 
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while in the sandy stretches where water had sunk into the ground, the jack pine 
was always present. Where these two elements were intermingled or one of them 
but thinly developed upon the surface, there was a mixture of the two trees and 
frequently interspersed with the red and white pines, 

Mr. Upham from his trip near Itasca reports the following: 


“Three species of pines occur plentifully about Itasea. The red pine, commonly but erroneously called 
Norway pine, constitutes perhaps three-fourths of the timber available for manufacturing lumber. This species 
occurs 7) to 100 feet in hight and one-half to two feet in diameter. In its most dense groves it is almost 
unmingled with other species of trees, and its reddish brown straight trunks rise from forty to sixty feet to the 
first limb and are so thickly studded with their canopy of boughs as almost to exclude the sunshine. These 
groves have little or no underbrush and seem prepared by nature for picnic grounds. (See figure 1, plate D.) 
The white pine attains a hight of 90 to 125 feet, and has a diameter of two, three to four feet. It is about a 
third as plentiful as the red pine and oeeurs on more clayey soil, either scattered, or in groves through whose 
tops every wind plays inimitable music. The jack pine (Pinus banksiana Lambert) occupies the sandy and 
gravelly land, very abundant on such tracts as in the Itascan district far eastward and northward. It hasa 
smal]] and tall straight trunk from sixty toeizhty feet in hight and nine to cighteen inches in diameter at the base. 
(See figure 2, plate D.) This species is used for fuel: and the Indians split and prepare its long pliant roots 
named eatab for sewing together strips of birch bark for their canoes. Among the other principal forest trees 
and shrubs are the red oak, poplar, and aspen very plentiful. The larger are the toothed poplar, balsam poplar, 
cotton wood, canoe birch, black, and burr oaks, white elm, white and black ash, red and sugar maple, moose 
wood, wild plum, bird or pan cherry, high bush cranberry, common and beak hazel, prickly ash, willow, and 
alder. In the swamps and frequently in the higher lands the tamarack, black spruce, and balsam fir occur in 
abundance, often festooned with moss, 


Mr. Garnison reports from Fish Hook lake the additional species of sheep-berry, 
shad bush, cockspur thorn, iron wood, and black cherry. Characteristic views of the 
red and black pines are shown in figures and 2, plate D, from localities closely 
adjoining this county, | 

Grass, suitable for hay, outside of the prairies, is confined entirely to the 
swampy portions near streams and in lake basins, the latter being often remotely 
distributed through the region. 

Water-power, Mall sites may be found along the streams, principally on Fish 
Hook river. About a mile from Fish Hook lake is an abrupt fall descending about 
twenty feet ina distance of forty to fifty rods. Other rapids are found Ingher up 


the stream. The stream is utilized for water-power at Park Rapids. 


NORTHWESTERN PORTION OF CASS COUNTY. 


Location and area, This area, which for convenience in mapping and explora- 
tion, has been assigned me, is equivalent approximately to fourteen government 
townships. It is that portion of Cass county lying west of the line which divides 
the ranges 31 and 32. [t 1s bounded on the north and west by Beltrami county, 
the Mississippi river forming the boundary; on the south by Hubbard county, 
around which it is arranged on the north and east sides with a small portion over- 
lapping the west side. This portion is wholly represented on the map of Hubbard 
county with the exception of narrow areas next the Mississippi which will be found 
on the map of Beltrami county. 
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The expeditions noted under Hubbard county also traversed this region. 
Schoolcraft in his expedition to lake Itasca passed up the Mississippi to lake Bemidji 
and thence up Schoolcraft river, and on his return down the Mississippi to that lake. 
Nicollet and Garrison also passed down the Mississippi. The wnter traversed a 
portion of the county north of lake Itasca and ascended the Mississippi from Cass 
lake to the mouth of the Schoolcraft, and the latter stream to a high point on sec. 
3, T..144-34, where from a high treetop an extensive view was obtained of the valley 
southward, and down the southeastern valley toward lake Kabekona. 


SURFACE FEATURES. 


Topography. This area presents similar features to those already described in 
the northern portion of Hubbard county. It slopes in the western portion toward 
the north and in the eastern half toward the east and south. Its highest points 
are toward the southwest. It shows much less distinctly the usual topography 
of glaciated regions than the central portion of Hubbard county. Lakes are 
less numerous and are generally without the abrupt sides and irregular forms 
which characterize prominently morainic regions. On the other hand, its western 
half may be described as consisting of a gentle northward slope on the south 
furrowed by three or four broad valleys running in general due north, and a 
quite flat plain on the north, with a quite abrupt drop between. The impres- 
sion left from the examination of the northward valleys of the southern portion 
is that they are primarily due to preglacial erosion of the region; that the 
glacial drift having been spread over it as a blanket, reveals quite distinctly the 
main features of the preglacial topography. The eastern half, while in general 
showing similar features, has its valleys running to the east toward the western 
portion of Leech lake and ending in lake Kabekona. In the vicinity of the Missis- 
sippi along its easterly course there are quite extensive bottom lands; and east of the 
lower portion of Schooleraft river the country is, much of it, level and low. While 
this may be given as a general description of the whole surface there are two strips 
of rougher land which may be traced as follows: One enters the county a few 
miles west of the mouth of Schoolcraft river and extends with a breadth of from 
four to five miles southward, west of lake Rahbahkona or Plantagenet and con- 
tinues in the same direction into T. 143-34 of Hubbard county. The hills of this 
system rise from 50 to 100 feet above the adjacent streams. Another strip crosses 
the Mississippi river in the central portion of T. 146-32 and forms the lower por- 
tion of Metowsa rapids, as marked on Garrison's map. This turns shortly south- 
ward, and passing through range 33, touches the west end of lake Kabekona 
and connects with the hills already mentioned north of Long lake of the Crow 
Wing series. Mr. Upham in his bulletin on altitudes (U. 8. G.S. No. 72) says, from 
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near Schoolcraft river to Leech lake, there is a morainic contour along the proposed 
extension of the Fosston branch of the Great Northern railroad. 


ALTITUDES DETERMINED FROM RAILROAD LEVELS IN HUBBARD COUNTY AND NORTHWEST PORTION 
OF CASS COUNTY. ° 


On the Park Rapids Branch of the Great Northern Railway. 


Starting with Wadena which, according to the U.S. Geol. Survey Bulletin No. 72, is 1,350 feet above the 
sea, we find in comparing it with the report furnished by Mr. Upham that he gives it 1,346, while the chief 
engineer of the Great Northern railway has recently given it as 1,337. We take Mr. Upham’s figures to be an 
average, which he has probably fully considered. 


Feet above 
the sea. 
Wadena, - ° a 3 - ‘ . : : z 1,346 
Leaf River station, " : - P é ‘ : : 1,323 
Sebeka, - - ; . - - . - . - - - 1,388 
Menahya, : - F ; : z : : . : : 1,405 
Shallow River station, - - . . : ‘ : 7 7 - 1,419 
Shallow river at Bridye, 1 mile south of station, 2 : . : : 2 1,380 
Park Rapids, ° - - : - ; - - - - - 1,436 
Straight river at the bridge, 3 miles south of Park Rapids, 1,403; Fish Hook river at the 
bridge 14 mile north of Park Rapids, mill pond, - . - - - 1,425 
Elbow lake, crossed at its narrowest, 9!, miles from Park Rapids, : ° : - 1,426 
Crow Wing river, 8 miles from Elbow lake, - - - _ : : . 1,389 
Akeley, - . - - - - - 2 : : - 1,425 
Leech lake, - - : - : . 2 : : ‘ 7 1,295 
Other elevations furnished by Mr. Upham, probably derived from this survey, are: 
Crow Wing or Eleventh jake, - - - : : ¥ ‘ é 1,390 
Tenth Jake, - - - - - - : < A - ‘ * 1,387 
Ninth lake, - - . . - . - . - . . 1,386 
Prairie or Eighth lake, — - - - - - : : - 1,385 
Seventh Jake, - - . - : : ‘ ‘ 7 é : 1,382 
Sixth lake, - - : - - . 4 : i E 1,379 
Fifth lake, - - - . - : - ‘ A : : : 1,378 
E.vrtension of Fosston Branch Great Northern Railway. 
Miles from Feet above 
Carman. the sea. 
Fosston, : - - - - - - - - - 44 — —- 1,288 
Mississippi river, sec. 8, T. 145 35, water, 1,373; bottom land, 20 to 50 rods, 
hight, 1,375; proposed grade of bridge, - : - - 7 77.1 1,409 
Crow bed, hills rising east and west to 1,450-1460, . - - 87.5 1381 
Schoolcraft river, on or near section 3, T. 144 34, ‘ ; F 89.9 1,372 
Summit, highest on this line of survey, — - : - - . 98.5 1,576 
Leech lake, water raised by dam, - . . z : - 121.2 1,297 


Mr. Upham, in bulletin 72, remarks: roughly morainic contour with elevations 25 to 100 feet above the 
hollows, extends to Leech lake, a distance of 30 miles. 

Drainage and streams. The Mississippi river may perhaps be most appropriately described in connection 
with this area. Its source lies in Beltrami county and the questions of dispute concerning it will conveniently 
be postponed until that county is considered. Lake Itasca, which forms a portion of the boundary of Cass 
county, is an irregularly V-shaped lake with one arm extending south quite directly from its point to the north 
end about eight and a half miles in length. Its eastern arm extends southeast in a crooked manner about four 
miles measured along its crooks from its northern end. The lake is bounded with high drift hills, rising from 150 
to 200 feet above the lake. The shore along the west side of its southern arm is quite generally marshy and slopes 
gradually. The southeast arm is bounded by hills from 75 to 100 feet in hight rising abruptly from the water. 
The greatest depth, eighty feet, is found in the southeastern arm. A small island in the lake near the junction 
of the arms is named Schoolcraft island. The Mississippi river leaves the extreme north end of the lake on the 
west side and turns at first abruptly westward. The current is sluggish and the stream is from twelve to twenty 
feet in width, eighteen to twenty inches in depth, with soft muddy bottom and shore. (See figure 1, plate EB.) 
Shortly after the stream becomes too shallow to float a canoe. About two miles from the lake the river enters & 
tamarack swamp where its deep and very sluggish channel is nearly closed up by large growth of wild rice. This 
swamp continues for about three miles, but the river meandering through it is more than twice that length. A 
short distance below the swamp, Mr. Garrison, whose description we are mainly following, found a jam of drift- 
wood which proved to be the head of falls or rapids, over compact ledges of boulders. The fall was found to be 
about twelve feet in as many rods. “This was but the first of a series of rapids continuing for about a half a 
mile, when the river enters another swamp of tamarack and spruce but without the usual meadow on the bank.” 
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Below this again were jams of drift-wood and rapids for about two miles more, descending probably from fifty to 
sixty feet. The river then reaches a level in which it flows as a winding channel in a broad grassy swamp which 
continues with more or less interruption by the narrowing of the valley in a northward and eastward direction 
to mouth of La Salle river; thence northward to sec. 58, T. 146-35, where it turns abruptly southward for two or 
three miles to the mouth of Hennepin river. It keeps, in general, an easterly course through similar wild 
rice marshes- to the mouth of Schoolcraft river, which it joins at right angles and takes the course of the 
latter northward. Soon after it passes through lake Irving and next through a short strait into lake 
Bemidji. The full name of this lake is Bemidji Gamaug which is nearly equivalent to Lac Travers or Cross 
lake as Nicollet names it. This lake is about six miles in length and three miles in breadth, of quite regular 
outline, without islands, and from twelve to forty feet in depth. The Mississippi enters it with a considerable 
current and has formed around its entrance in the lake a semicircular bar of gravel upon which the water is 
from six to twenty-four inches in depth, and by which a wagon road, marked by stakes, crosses the lake. The 
river as it enters is about three rods in width and probably eight or ten feet in depth. The reason for the 
significant name, lake Bemidji (or lake that lies across) is that the river enters it at the south end and leaves it in 
easterly direction in the middle of the east side, so that in ascending the Mississippi the lake appears to lie with 
its longer axis transverse to the course of the river. Much of this lake has grown up to scattering patches of 
bullrushes, especially on the east and north sides. After leaving the lake, the Mississippi is very shallow, not more 
than six inches in depth, though having a breadth of perhaps fifty yards. The banks of the river are low, not more 
than from four to eight feet above the water, usually with gentle slope. About three miles east of the lake the 
river washes the base of an isolated hill fifty or sixty feet in hight, composed mostly of sand and clay. About 
six miles east of the lake the river turns quite sharply to the southeast. The bottom becomes more stony and is 
broken by rapids, necessitating portages; the low banks become higher. rising to a hight of thirty-five to forty 
feet above the water. This series of rapids, ten or twelve in number, is called the Metoswa rapids. After keep- 
ing a southeast course for about eight miles it enters a large lake, named Pamitascodiac, about two and a half 
miles in length, which it crosses at its northern end. It enters the lake by a very winding passage through a 
dense growth of cane lake grass, and the outlet is through a dense growth of bullrush. This lake was formerly 
connected by a portage to Midge lake. Leaving this lake the Mississippi passes eastward and enters and crosses 
the south end of a lake about five miles in length, called lake Andrusia. On a narrow land, separating lake An- 
drusia from the west end of Cass lake, is a mission and Indian village, which has long been the principal settle- 
ment of Cass lake. 

La Salle river is a small stream about ten miles long, rising about three miles east of the north end of 
lake Itasca, flowing due north along the west side of towns in range %. Hennepin river is of similar size 
and length, flowing through the eastern portion of the same townships and entering the Mississippi in sec. 35, 
T. 146-35, nearly opposite to the entrance of the Little Mississippi from the north side. These two streams 
scarcely deserve the name of rivers, being only small creeks. Schoolcraft or Yellow Head river, is about thirty 
miles in length, its longest branch rising a little northwest of Man Trap lake in Hubbard county. It receives, 
on the north boundary of that county, a branch from both the east and west and flows to the middle of the 
north line of T. 144-34, where it turns abruptly eastward through a range of hills rising from 75 to 100 feet 
above it, when.it enters a broad valley which it follows northward to its junction with the Mississippi in sec. 28, 
T. 146-33. Its course above its entrance into the last broad valley is nearly due north, and much of the way 
in a wide valley with marshes and grass. In passing through the range of hills its course is winding with 
frequent rapids difficult for the passage of canoes. 

Kabekona river rises in the northwest corner of T. 144-33, and flows in a crooked east-southeast valley 
into the west side of T. 143-32, when it turns abruptly south and three miles after enters the northwest end of 
lake Kabekona, from which it issues at the east end in a southeasterly direction, passing;through the east end 
of lake Benedict and shortly after empties into Leech lake. The west branch of this river, as it may be called, 
enters the west end of lake Kabekona. Another branch, a larger one, lying north of lake Kabekona enters it 
soon after the main stream leaves lake Kabekona. Another river over twenty miles in length, whose name has 
not been determined, rises about four miles east of lake Marquette and tlows southeast near Midge lake and 
thence a little west of south nearly to the middle of the south line of T. 144-32, when it turns abruptly eastward 
and after passing through Steamboat lake in that direction turns south into the northwest extremity of Leech 
lake. Another stream, Shingobe Minissibe, rises a little south of Long lake of the Crow Wing series in T. 141-32, 
flows into Diver lake in the same township, then keeps a northeast direction to the southwest extremity of 
Leech lake. 

Lakes. The lakes of this region resemble in general those described in Hubbard county; being bounded 
by drift deposits and usually attended by marshes. They are generally, however, shallower and broader and 
with less abrupt sides than most of those in Hubbard county. None of them are arranged in series like those at 
the head of Crow Wing river. In the portion draining to the north all of the important lakes are connected 
with the streams. La Salle river passes through lake Beaulieau a mile and a half long and another of similar 
size near its mouth. The Hennepin river is not attended by lakes, except one two miles in length connected 
with its short east branch. Schoolcraft river is connected with eight or nine quite important lakes from one to 
four miles in length, all having their longer dimensions north and south. On the east side of T. 144-35 is lake 
Hattie, one and one-half miles in length, draining southward toward the outlet of lake Alice, into the west 
branch of the river. In T. 145-34 is lake Frontenac, connected with the middle of Schoolcraft river by a short 
outlet. The largest lake connected with this river is lake Rahbahkana, or Plantagenet, as named by Schoolcraft. 
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It is in an imperfectly double form consisting of}a long strait lake three miles in length upon the east, with a deep _ 
bay connecting with it on the west side which is about three miles in length north and south. Its southwest 
shore is high and broken. Lake Marquette is a double lake consisting of two eliptical basins lying end to end. 
It lies about one-half mile north of the last mentioned lake. Another small lake is intercepted by the School- 
craft just before it joins the Mississippi. 

In the eastern half of this area, the upper lake is in the northwestern corner of T. 143-32, and has been 
named Gartield lake, though its Indian name Kabekona is commonly used. Itis about four miles in length and 
one and one-half miles wide. Its southern shore is steep and hilly. It receives two streams at its north- 
west end, one from the west heading near lake Sheridan and the other from the northwest of Kabekona river. 
It is connected through the lower of Kabekona river with Leech lake. Another lake two miles and a half in 
length lies in the northern portion of the same township and is connected by an outlet with Kabekona river. 
Lake Benedict is about one and one-half miles in length extending east and west, scarcely separate from the 
west end of Leech lake, also connected with Kabekona river. Grace lake in the northern part of T. 145-32 is 
about a mile and a half in diameter. Midge lake about a mile and a half southeast of it is of importance 
because for some time it was the connection through a series of portages with a lake (Pamitascodiac) connected 
with the Mississippi, and the river south connected with the northwest arm of Leech lake. More recently this 
route has not been used, but instead the course more commonly taken is between the northwest arm of Leech 
lake and the south end of Cass lake through a chain of lakes which is east of our territory. 


GEOLOGIC FEATURES. 


Later deposits. This section, like Hubbard county, exhibits no exposures of bed 
rock; no excavations have been made to determine its depth below the surface. 
The deposits belong to the same classes mentioned under these heads in Hubbard 
county. The recent deposits are more extensively developed along the Mississippi 
and Schoolcraft rivers than anywhere in Hubbard county. This has already been 
alluded to in the description of these streams. Terraces of modified drift, mostly 
stratified sand with ldcal developments of clay, are found along the Mississippi at 4 
hight of from twenty to thirty feet. At some points lower terraces than the main 
one are found five to ten feet above the stream. These lower flats probably should 
be referred to the recent deposits. 

Moraines. The moramiec development of the drift is in some portions con- 
siderably scattered and feebly developed, but we shall conveniently group the 
various drift hills in three principal moraines: 

The Itasca moraine, As we have already stated, the region about lake Itasca 1s 
very prominently morainic. The northern boundary of this feature may be approxi- 
mately drawn as ‘follows: It extends from a point about three or four miles north 
of Jake Itasca northwestward, crossing the Mississippi near the middle of the north 
line of T. 144-36, and is understood to pass west of Upper Rice lake. It seems not 
impossible that the Itasca moraine in Hubbard county is an interlobate moraine 
with its apex pointing east. 

The second moraine we may call the Schoolcraft river moraine. This is the one 
which we have already considered as passing east of Park Rapids and northward 
west of the head of Schoolcraft river. It leaves the county in the vicinity of 
lakes Alice and Hattie. Its eastern boundary passes along the west side of lakes 
Rahbahkona and Marquette, and thence northward along the west side of Ts. 146, 
147-34. In the latter township it turns eastward and passes between lake Bemidji 
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and Turtle lake. The hills belonging to this moraine were noted by Garrison two 
to three miles west of the mouth of Schoolcraft river, and others referred to the 
same moraine are found along Grant creek in the north part of T. 146-84, thirty- 
five to forty feet above the surrounding country, and along the west side of lake 
Marquette, where they rise to a hight of seventy-five feet above the lake. The 
range rises still higher west of lake Plantagenet and from a high point of view 


on sec. 3, T. 144-34, these hills were seen to pass southward along the west side of 


Schoolcraft river, as before stated. Views of these hills are shown in figures 2, 


plate E, and 1, plate F. 
The third moraine, which we will call Cass Lake moraine, enters the region at the 


west end of lake Kabekona and is believed to pass northward to the north line of 
T. 145-33, where it must pass northeast in order to cross, as it is known to do, the 
Mississippi river in T. 146-32, where it seems to form the Metoswa rapids, and thence 
extends northeast and east. On sec. 4, T. 146-32, the hills of this moraine rise from 


sixty to seventy feet above the Mississippi and are interspersed with typical kettle 


basins. 
ECONOMIC FEATURES. 


Vegetation. This resembles closely that of Hubbard county. North of lake Itasca, east of the Mississippi, 
much of the country is almost prairie, partly as a result of forest fires which have removed formerly abundant 
timber. Along the Mississippi are river bottoms sometimes sixty to seventy rods in width and often dry enough 
to be covered with luxuriant growths of blue joint and redtop grasses from which thousands of tons of hay might 
be prepared annually. The shallow lakes and the sluggish watercourses, as in the case of the Mississippi above 
lake Bemidji, abound in wild rice, which might be made to produce almost unlimited supplies of valuable food. 
It forms an important part of the sustenance of the Indians and grows luxuriantly without cultivation. These 


shallow marshes afford the food for numbers of migratory water-fowl. 
The black pine is the prevalent tree of this region, which is generally sandy, and with it are associated 


considerable quantities of red pine, the tops of which rise majestically above the surrounding forest. Upon the 
lower lands and terraces, not only are found these two species, but in clayey localities the aspen, oak, elm, ash, 
The principal part of Kabekona river is said to be through a rich country of hard wood. 

This country is not occupied by settlers except a few sections north of lake Itasca. No data have been 
obtained concerning the wells, though from the sandy character of the soil and the abundance of moisture, no 
doubt they can be easily obtained at any point. 

Water-power. Since the northward flowing streams and Kabekona river rise in the southwestern portion 
of a section which is elevated to a hight of 1,500 to 1,600 feet above the sea, while the elevation along the 
Mississippi is 1,375 to 1,350 and lake Kabekona 1,302, it is evident that the streams all have considerable descent 
and therefore valuable mill sites might be easily found. At no distant time it seems not unlikely that this region 


may be the location of numerous manufacturers particularly of wooden ware and lumber. 


ete. 


CHAPTER V. 


THE GEOLOGY OF NORMAN AND POLK COUNTIES. 


By J. E. TODD. 


Situation and areca, These counties (plate 62) are conveniently considered 
together, not only because of their form but also on account of their close similarity 
in topographic features and geologic structure. Norman county is bounded on the 
south by Clay and Becker counties; Polk county lies north of it. Both are bounded 
on the west by North Dakota with the Red river as boundary; on the east they are 
bounded by Beltrami county. The former is little more than ten townships in 
length and four in breadth; the latter county, owing to a turn in the Red river, 1s 
twelve townships in length at the north and eight townships wide from north to 
south. They are, therefore, both of them nearly rectangular, and one more than 
twice the size of the other. 

The area of Norman county is 1,458.32 square miles or 933,326.15 acres, of 
~ which 23.21 square miles or 14,853.55 acres are water. The county seat is Ada, on 
Wild Rice river, The eastern half is not yet occupied except by straggling Indian 
settlers, for the White Earth reservation includes the most eastern sixteen town- 
ships. Polk county contains 3,159.18 square miles or 2,021,873.25 acres, of which 41.91 
square miles or 26,818.67 acres are water. The water of both of these counties is in 


the usual form of small lakes attending glacial moraines. 
SURFACE FEATURES. 


Norman county topography. Norman county reaches an elevation of 1,500 to 
1,600 feet on its eastern border and declines to less than a thousand on its western. 
The slope is gentle to the edge of the table-land which lies approximately along 
the 96th meridian, when a descent of 300 feet occurs in about ten miles. The western 
half of the county lies upon a very level plain which is the bed of an ancient lake 
named, by Mr. Upham, lake Agassiz. The surface of the table-land is mostly 
rough, being an irregular arrangement of abrupt hills and intervening valleys, many 
of them occupied by lakes. 


Drainage. Almost the whole drainage of the county is by way of the basin of the Wild Rice river, which 
flows westward through the centre of the county from end toend. The slope of the west half of the county ig 
so gentle that this stream bifurcates near Ada and discharges its water into the Red river by two channels, 
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which lie in some places several miles apart. The Wild Rice river rises less than five miles from the Missis- 
sippi river. Its northern head being in Upper Rice lake in the northwest corner of T. 145-36, while the southern 
branch rises on sec. 29, T. 144-37; after flowing first southwest it turns northwest through the Lower Rice 
lake. The stream enters the county about six miles south of the northeast corner, thence it flows south of 
west, where it receives an important tributary from the Twin lakes, but its longest is from White Barth river. 
This stream rises in the southeast corner ‘of the eounty in lake Tullaby and takes a short turn out of the 
county southward through White Earth lake; thence flows northwest, entering Wild Rice river at the northeast 
corner of T. 144-42, and between this again and Ada it receives five branches more than ten miles in length, and 
the longest more than thirty miles, which latter rises in the northern part of T. 146-41 and flows nearly due 
southwest. From Ada it takes a direct course northwest and enters the Red river about four miles south of the 
northwest corner of the county. About three miles east of Ada it sends a bifurcation southwest into the 
northern part of T. 143-47, where it joins the so called south branch of the Wild Rice and follows it west and 
northwest to the Red river. A little east of the junction the south branch is interrupted, and lost in the marshy 
character of the ground, for a few miles. Five miles north of Ada a small stream, over ten miles in length, also 


loses itself in the low ground. 
Lakes. Almost without exception the lakes of this county occupy the three 


eastern tiers of townships, where they are quite equally distributed. These are on 
the surface of the table-land at a hight of 1,400 to 1,600 feet above the sea. There 
are twelve of them more than two miles in length. Those which have received 
names are the Twin lakes, in the southern part of T. 144-36 and Tullaby, which 
crosses the county line near the southeast corner of the county. Data have not 
been obtained concerning their depth. They.show the usual characters of lakes 
upon glaciated areas. | 

Polk county topography. This county has a general slope toward the northwest; 
its highest portions are in the southeast corner, attaining a hight of 1,550 feet above 
the sea; while the lowest is near the northwest, where it is less than S00. The slope 
along the southern line resembles that already described in Norman county. Begin- 
ning with 1,550 feet in the southeast corner it descends to less than 1,800 within ten 
miles. Within the next twenty miles it declines a little, and at that distance it 
crosses Herman beach of lake Agassiz at an altitude of 1,150 feet. That along the 
eastern line does not often fall below 1,400 feet until it reaches the north line of 
T. 149, when it rapidly descends to a level plain surrounding Red lake, which has an 
altitude of 1,150 feet above the sea and continues at that level to the northeast 
corner of the county. The northern boundary lies mostly upon a plain descending 
toward the west less than 350 feet in its whole distance. About three-fourths of 
the county lie in the basin of the ancient lake Agassiz. The southeastern quarter 
lies upon the upland, which is a lower extension of that occupied by eastern Norman 


county. The descent to the west and north is less abrupt. 


Drainage. The county lies almost wholly in the basin of the Red Lake river. It includes also the valley 
of the Sand Hill river upon the south. The Sand Hill river rises in a lake bed about six miles south of Fosston 
and runs westward zigzagging north and south through a range of seven or eight miles, making four principal 
bends in reaching the west side of the county. About twelve miles before it reaches the Red river it becomes 
dispersed in a plain, from which it gathers after a break of six or seven miles in a number of small rivulets which 
occupy the east half of towns 147, 148-48. This stream receives the only branch which is upon the north side in 


T. 147-44, 46. The Red Lake river rises in Beltrami county, enters Polk county near the middle of T. 152-39. 


It keeps a west-northwest course into the southern portion of T, 154-43, where it receives Thief river from the 
north and northeast; thence it keeps a nearly due south course to the centre of T. 151-43, where it turns sharply 
to the west and receives the main branch of Clearwater river in the centre of the next township west; continues 
southwest to the southeast corner of 150-46 about four miles east of Crookston; thence west-northwest to Red 
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river at the northeast corner of T. 151-50. It has a larger volume than that stream above the junction. As it enters 
the county its banks are low and the country swampy. Its course to Thief river is so gentle that a small steamer 
makes regular trips from Thief River falls to Red Lake Agency. Its banks at the junction with Thief river are 
thirty-five feet. Between the junction of Thief river and the Clearwater it passes over two prominent rapids, 
caused by the accumulation of boulders. One furnishes water power at Thief River falls and the other at Red 
Lake falls. At Red Lake falls it has cut a gorge about eighty feet below the plain. Between that point and 
Crookston it has gone out again upon the general level, its banks being no more than fifteen feet at the latter 
point. From the centre of T, 150 48 itsends out an old channel, northwest, known as grand marais; and from 
nearly the same point it receives a number of tributaries from the plain to the south. The volume of water in 
this stream is not subject to the fluctuations found in many of the rivers, because it is supplied from such a vast 
extent of marshy country. 

Thief river is its tirst important tributary coming from the north northeast and has but a course of five or 


It has a breadth of tifteen or twenty feet and a depth of from one to three feet. Its 
Clearwater 


It has 


six miles in this county. 
lower course is broken by several rapids, though it is a mostly sluggish stream with muddy banks. 


river, which enters at Red Lake falls, receives the whole drainage from the highland to the southeast. 
numerous branches, which will be spoken of severally. 

Clearwater river rises just outside of the county, in the southwest corner of T. 147 38, at an altitude of 
about 1,450 feet. It describes from that point a long circuit toward the east, and enters this county in the north- 
east corner of T. 151-39. It there has an altitude probably Jess than 1,175. It flows nearly parallel to the 
principal course of the Red Lake river, through a marshy plain to the southeast corner of T, 152-42, there it turns 
abruptly south-southwest, into the northwest corner of T. 150 42, where it is joined by a short stream produced 
by the junction of Lost, Hill, and Poplar rivers. From that point its course is little north of west to Red Lake 
Falls. It receives a small tributary, locally known as Badger creek, three to four miles from its mouth. 

Lost river also rises just outside of the county, ina large lake in the soutRwestern corner of T. 149-39. 
It also describes a circuit approximately parallel with the Clearwater: enters the county in the northeast corner 
of T. 150-39, from which point it runs nearly due west to its junction with the Clearwater. Its course in the 
county is wholly within a marsh, and it obtains its name from the fact that it is for several miles nearly hidden 
by marshy growths. 

Hill river rises in the southeast corner of T. 148 39, passes through a large lake in the same township, 
turns first to the northwest, thence to the west, descending from the highland to the plain. It reaches the plain 


in the southwest corner of T. 149-40, thence flows to the northwest corner of that township, then it takes a west- 


northwest direction to its junction with Clearwater. South of Lambert in T. 150-41 it is eighteen to twenty feet 


in width and two to three feet in depth. 
Poplar river rises in the southeast corner in the northeast township of Norman county; flows nearly twelve 


miles to the east, four to five miles east of Fosston; thence keeps a quite closely northwest course to its junction 
with the Clearwater. Poplar river, upon the plain north of McIntosh, is twelve to fifteen feet wide and two to 


three feet deep. ; 
Badger creek rises in a lake through a marsh north of Irskine in the southern part of T, 149-42, and flows 


northwest to its junction with the Clearwater. Unlike the other streams mentioned, its course lies wholly upon 
the plain. A few miles before joining the Clearwater it is about ten feet wide and six to cighteen inches deep. 
Red Lake river next receives a small tributary from the north known as Black river. It rises near the north 


line of the county, and its whole course is in townships of range 45. 
A watercourse, sometimes a stream, rises in the southeast corner of T. 154 46 and loses itself in the plain 


in the southern part of T. 153-47. The Snake river, whose main course is in the county north, enters this county 
in the northern part of T. 154 48, and forms a large marsh occupying the north half of the next township west. 


Lakes and marshes. The plateau region occupying the five or six southeastern 


townships presents numerous small lakes, common to moraines, most of them less 
than a mile in length, though two to three surpass that limit. Upon the plain west 
between Badger creek and Sand Hill river are a number of large, shallow lakes. 
The principal one of these is Maple lake, which is a shallow lake about six miles 
in length and a mile and a half in breadth, which lies northeast and northwest 
across the northwest quarter of T. 148 -43. It is formed outside of the ancient beach 


of lake Agassiz, which bounds it upon the west and north. 

Another lake of curved and irregular form, covering four to five square miles, 
occupies the southeast corner of the same township. North of Erskine is another 
lake, represented as two miles in length, of similar character to Maple lake. North 
of the highland region, the plain covering the sixteen or seventeen northeast town- 
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ships of the county is usually occupied by swamps, sometimes open, in other places 
occupied by tamaracks, The west quarter of the county, that lying west of range 
46, is usually occupied by swamps of a different character; the ground 1s a level for- 
mation. The principal vegetation is marsh grass. This area is not very distinctly 
marked but gradually changes into the dryer land further east; and is attended with 


the corresponding shortening of the grasses. 
ALTITUDES IN NORMAN AND POLK COUNTIES, 


The Great Northern Railway System- Main Line. 


Miles from Feet above 
St. Paul. the sea. 
Glyndon, station and crossing of the Northern Pacific railway, : 235.3 925 
Buffalo river, water, 908; grade, — - 2 . * z - 236.9 921 
Averill, —- : 2 : : : : z : 241.8 917 
Felton, : : ‘ : : : : J : 249.6 915 
Borup, z ‘ 2 é : . ‘ . 254.9 91] 
Wild Rice river, bed, 805: water, 900: sens: - - : : 262.6 909 
Marsh river, water, es 2 é - : : : - 264.6 890 
Ada, - : 5 . ‘ é : : é 265.2 906 
Long lake, former channel of the Wild Rice river, then passing westward ) 
in the present course of Marsh river, water, - - - : 265.5 901 
Lockhart, - : 4 - - - - . 275.0 893 
Rolette, — - : 2 : : : d : : . 276.7 892 
Beltrami, - : : - 2 : 282.0 901 
Sand Hill river, water, 895; grade: - . - - : 282.5 903 
Russia, : : : Z , : : : : 288.0 892 
Kittson,  - . : . : : : : 202.3 a) 
Burnham creek, water, 868; onic - - - - 293.0 882 
Carman, junction of Fosston branch, - - : : : é 298.0 877 
Red Lake river, water, 833; grade, - - : . 299.3 863 
Bluff north of Red Lake river, natural surface, 886; seal: : - 299.7 876 
Junction with line to St. Vincent, 5 , - 4 : 300.5 885 
Beach of lake Agassiz, excavated for ballast, crest, 882; grade, : : 302.8 879 
Fisher, : - . 7 3 - : - - 310.1 2 
Grand Marais slough (former channel of Red Lake river), bed, 830; grade, ~ 312.1 846 
Mallory - - - - - - . - - 317.5 837 
East Grand ae : : . 2 z : : : 323.4 831 
Red river, bed, 779; lowest stage of water in ordinary years, 784 786; 
highest stage in ordinary years, 800-820; extreme high water (in Spring 
1882), 828: grade, - 323.9 829 
Grand Forks, 324.5 miles from St. Paul by this line, but anie $20.3 mre 
7 320.3 830 


by way of Moorhead, ~ - - 
From U.S. G. S. bulletin No. 72, “Altitudes between Lake Superior and the Rocky Mountains,” by Mr. 
Upham, we extract the following railroad levels, with comments, so far as they apply to these counties: 


Great Northern Railway System -Fosston Branch, 


Miles from Feet above 
Carman. the sea. 
Carman, junction with the main line, near Crookston, - - 877 
Burwal, ; - - - - - - - - 6.1 914 
Benoit, —- - - - - - - - - 11.7 1,019 
Beach, 15 rods wide: crest. 1 062: grade, - - : : 14.2 1,06: 
Beach, crest, site of Pembina trail, 1,066; grade, - - . 14.3 1,067 
This beach ridge is 12 rods wide: from its west base, 1,062; to its east 
base, 1,065. . 
Beach, 15 rods east of the last crest, 1,069: grade, 2 - : 14.35 1,068 
Beach, crest, 1,092; grade, - - - - - - 15.6 1,089 
: . 16.9 1,110 


Beach, crest, 1,114: grade, - - 
This is a very massive beach ridge, ae ing a descent of 18 feet westw aa 


from its crest in 50 rods, and 8 feet eastward in 30 rods (probably the 


Campbell beach. J. E. T.) 
Beach, crest, 1,120; grade crossing Duluth and Manitoba railroad, 17.4 1,116 


Beach, crest, 1,142; grade, - - - - - - 18.1 1,138 


rz 
he, 
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Miles from Feet above 
Carman. the sea. 
Dugdale, - : , : Z 3 . ; 5 : 18.2 1,138 
Junction of a branch graded toward Pelican Rapids. On this branch -- ‘ 

Sand Hill river, near centre of sec. 13, Gartield (T. 147 44) low water, 

1,116: prade, - . : é : - 29.7 1,145 
Summit, natural surface eal grade, ‘ ‘ : : 33.0 1,195 
Creek tributary to Wild Rice river, crossed in see. 36, Strand (T.145-44), 

bed, 1,072; grade, - - : - 44.1 1,107 
Wild Rice river in S. W. 14 sec. 2, Wild Rice (T. 144- 44), bed, 1,023; 

water, 1,025; grade, : : Z : : : 49.8 1,091 
End of located line, natural surface, 1,177: ale: , : 2 53.5 1,174 

On line from Dugdale eastward. 
Miles from Feet above 
Carman. the sea. 

Crest of eastward ascent, grade, : z é 19.3 1,163 

The surface is 1,161 to 1,167 feet thence to 23.4 silege Small beaches 
are crossed at 22.4 and 22.5 miles, with their crests respectively at 1,166 
and 1,167 feet. 
Mentor, - 2 “ : 23.7 1,167 
Hay creek, one of eRe Bieleis of Maple ike: bed, 1,156; grade, : - 23.9 1,165 
Maple lake, water, - - : é : 23.9 1,169 
Sumunit, natural surface, 1,169: sate: : ; : : 25.1 1,171 
Badger lake, water, 1,172: grade, — - : : : : : 29.5 1,178 
Erskine, : - - 2 : x : é 30.3 1,187 

Morainic contour extends from 31 ot to 33.0 miles and is succeeded by a 
moderately rolling surface farther east. 
Ravine between two lakes, bed, 1,199: grade, : : - : 31.9 1,224 
McIntosh, - - - - ; - - 36.5 1,218 - 
Poplar river, bed, 1,200: water, 1204: grade, ; : : : 314 1.211 

The next half mile east has a morainic surface. 3 
Fosston, - - : . : 44.0 1,288 
End of track- fusing: avcialier: 20, 1888, - . - - 44.7 1,291 
Summit near the east line of sec. 35, T. 147 39, : : . 53.5 1,545 
Lakes, three-fourths of a mile east and southeast from the last, fh most 

southern being called Long lake, : : : 54.2 1,485 
Head stream of Clearwater river, bed (mud to dpe of 0 feet), - - 06.1 1,439 

61.8 1,466 


Creek tributary to Lower Rice lake, bed, 1,466; bottom land, 1,469: grade, 
Mississippi river (about 30 feet wide), bed, 1,371; water, 1,373; bottom land 
2 to 50 rods wide, 1,376: proposed grade of bridge, : * 771 1,409 
This crossing ix in sec. 8, T. 145 35, eleven miles north of Itasca lake. 


St. Hilatre branch. 
Miles from Feet above 
St. Paul. the sea. 
Shirley, junction with St. Vincent branch, — - : : 2 i 305.8 800 
Ives, crossing of the old Pembina trail, : = : 314.4 986 
tas is on the Lower McCauleyville beach of lake Ava: which js cut 
4 or 5 feet across its width of about 20 rods; crest of the beach ridge, eZ 
9%) feet. 
Upper McCauleyville beach, crest, 997; grade, : : : : 314.7 993 
Little Black creek, water, 975; grade, : é : : : 315.4 987 
Black river, water, 970: grade, : = 2 : 2 318.0 997 
Campbell beach, crest, 1,019, 6 feet above the land next east; grade, 318.5 1,011 
Beginning of nearly level grade eastward, natural surface and grade the 
same, : : - . : : 3 : : 323.2 1,078 
Thence a slightly undulating surface with indistinct owe Norcross 
beaches, extends to St. Hilaire and the Red Lake river. 
321.3 1,086 


St. Hilaire, - : : i : : : 
Red Lake river, seat # : : : 327.3 1,06 
Line from Thief River Falls through St. Hilatre to Red Lake Falls. 


=- = - - 


Notes furnished by Mr. Upham from the profiles of the Great Northern railway. 
Feet above 


the sea. 
Thief River Falls, 7!, miles north from St. Hilaire, 1,130 
2 : 1,086 


St. Hilaire, - - - : : 
Red Lake river mill pond, water, 965; about 9 miles from St. Hilaire, grade, - . - 985 
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Clearwater river, 10 miles, alee 949; grade, - - 


Red Lake Falls, depot, 997; water in Clearwater river, close asuth of depot, cabave dau. 


This depot is considerable lower than that of the Northern Pacitic line. 
- Northern Pacific Railroad System. 
(Duiuth and Manitoba Railroad.) 


Winnipeg Junction, Northern Pacific railroad, 226.6 miles from Duluth, 
Buffalo river, bed, 1,150; grade, - - - - 
Summit, natural surface and grade, - - . 
Ulen, : : 
South branch of Wild Rice river, bed, 1 113; seadbe. - - 
Upper or Herman beach of lake Agassiz, crest 1,14]; grade, - 


Descent south from crest in 12 rods, 9 feet; descent north in 12 rods, 6 feet. 


- - 


Twin valley, - 2 . ss 

Wild Rice river, bed, about 985; grade, —_ - - 

Norman, - - . : : 

Herman beach, crest, 1,156; iia - - - - - 

Sand Hill river, bed, 1,075; grade, - - - - . 

Fertile, - - ‘ : é : Z 

Kittelson creek, bed, 1,094; grade: - - - - - 

Herman (b) beach, crest, - : : 

Herman (d) beach, three places, crest, 1118- 1,119: sae, 

Crossing of the Fosston branch of the St. Paul, Minneapolis & Manitoba 
railway, - - - z - - 

Tilden, - - s : é 

Norcross beach, crest and grade, - - 

Tributary of Badger creek, bed 1,033; grade, 

Red Lake Falls, junction of spur track to station, 

Red Lake Falls, station 0.6 mile from the main line, 

Red Lake river, bed, 932; grade, . 

Summit, cutting 9 feet; grade, - - 

Black river, bed, 939; grade, __- 

McCauleyville beach, crest and grade, - - 

Crossing the St. Hilaire branch of the St. Paul, Minneapolis & Manitoba 
railway, - - - . 

Beach, crest and grade, : . : 

Beach, crest and grade, - 

South Euclid, crossing the St. Vincent line of the St. Paul, Minneapolis & 
Manitoba railway, - - - - 

Buffington, - - 

Junction of spur track to Keystone, 

Lowest portion of this spur track, 

Keystone, - 

Grand Marais slough (former channel of Red Lake riveel bed, 813: Satie: 

East Grand Forks, - - : : z ae 

End of spur to river, East Grand Forks, : 

Red river, bed, 779; extreme low and high water, 784 898: ae. é 


Grand Forks, é - “ - - 


GEOLOGIC FEATURES. 


Miles from 
Winnipeg Junct. 


0.0 
0.5 
3.8 
13.0 
13.6 
18.6 


5.8 
27.8 
33.9 
43.7 
44.5 
45.5 
48.1 
49.3-50.0 
51,0-57.8 


ot 
old 
61.3-01.6 
64.9 
68.7 
69.3 
70.6 
73.0 
75.9 
16.6-77.8 


78.3 
80.7 
81.4 


86.0 

90.0 

93.3 

94.6- 99.9 

96.3 
101.6 
104.7 
105.1 
104.9 
105.4 


No exposures of bed rock have been found in these counties. 
adjacent counties the formations belong to the Glacial period and Recent epoch. 
The deposits of the Glacial period consist of till, modified drift, and lacustrine de- 
posits. The Recent deposits cannot easily be distinguished from those of the Glacial 
period. The lacustrine formations are graded from those which were formed in the 


vicinity of the ice-sheet to those deposited long after its retreat. 
Deposits of the Glacial epoch. These consist, not only of those formed by the 


land ice, but also those formed by lake Agassiz during the existence of the ice-sheet. 
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Feet above 
the sea. 


991 
961 


Feet above 
the sea. 


1,181 
1,172 
1,253 
1,154 
1,135 
1,135 


1,093 
1,010 
1,099 
1,161 
1,115 
1,140 
1,124 
1,152-1,155 
1,116-1,117 


1,116 
1,116 
1,101 
1,045 
1,036 
1,035 
964 
1,011 
974 
993-992 


977 
962-961 
94 


901 
872 
855 
853 
855 
828 
831 
807 
831 
834 


Here as in the 
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Till, This formation, presenting features similar to those elsewhere described, 


covers the whole county, though not always at the surface. Judging from the few 


excavations reported, its thickness may be estimated from 100 to 200 feet; although 
this may include, as in the case of the Red Lake falls section, aqueous deposits formed 


before the advent of the ice-sheet in the region. Theoretically we should expect the 


pre-glacial lake Agassiz as well as the post-glacial, and boulders of the till to present 


the same characteristies as those found in North Dakota, and distinet from those in 


the Mississippi basin, in the greater abundance of white limestone, These have been 


so abundant in some localities as to suggest the oecurrence of continuous strata in 
the vicinity, but no such have been found. 

Till comprises the surface deposit upon the summit of the plateau of the east- 
ern part of Norman county, and six of the southeastern townships of Polk county, 


where it is mostly morainiec, and also the western slope of the same, where it shows 


the more even topography found inside of a moraine. It presents the usual features 


reported from Becker county. 
Moraines, Distinct moraines are only found east and south of the ancient beach 
of lake Agassiz, or on the till area. 
In Norman county a morainic strip passing east of White Earth Agency, from 
six to eight miles in width, extends northward through the eastern range of town- 
It sends out a branch toward the southwest south of Wild Rice river through 


ships. 
This moraine passes down the slope of the 


Ts. 144-40, 144 41, 148-42, and 143. 43. 
plateau westward and extends to the edge of the lacustrine deposits, where its hills 


were noted by Mr. Upham in his study of lake Agassiz. North of Wild Rice river 


the surface is more even. | 

In Polk county a morainic strip of rather indefinite outline but five or six miles 
wide is in many places finely developed; it enters the county along the south line in 
the southeastern township, extends north through that town and turns northeast so 
as to leave the county along the east line of the township next north. This is 
scarcely distinct from another strip which may be said to enter the county from the 
east along the east side of T. 149-89, and extends westward, becoming narrow toward 
the west, so that it forms a very stony ridge nearly 100 feet in hight in the southern 
tier of sections in T. 150-40, and ends abruptly in section 31 of that township. Along 
the south line of sec. 27 of T. 150-40 there is a gap through the ridge which appears 
to mark an escape from underneath the ice of a subglacial stream which flowed south- 
west through section 34 and thence westward to Hill river and connects with the 
ancient beach of lake Agassiz, which forms a broad delta-like deposit in the north- 
west quarter of T. 149-40. This channel gives one the impression of that of an 
important stream. Near its southeastern side is a terrace forty to fifty feet in 
hight and a mile or more in width, which is pitted with depressed basins and lakes. 


is 
be Grov. Nat. Hist. Sur. MINN. PuLaTE G, 
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Opposite the west end of this moraine the beach formations are also pitted with 
small basins suggesting the action of ice and the impression left upon the writer, 
when the region was first studied, was that this moraine was formed contempo- 
raneously with one of the upper Herman beaches of lake Agassiz. Mr. Warren 
Upham, who has studied the region more fully, however, considers the upper Her- 
man beach as continuing along the north slope of. this moraine, eastward past the 
gap already mentioned and on to the vicinity of Red lake. Whether the two views 
are reconcilable, remains to be determined by further investigation. Figure 2, 
plate F, and figure 1, plate G, illustrate this moraine and channel. East of Fosston 
the moraines abound in lakes from a few rods in width to a mile or more, and are 
interspersed with hills rising forty to sixty feet above the lakes in the irregular 


manner common to moraines. 
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Modified drift. This as elsewhere is shown along the streams in the form of 
terraces of gravel. The before mentioned terrace along the side of the ancient 
outlet in T. 149-40 belongs under this head. Also the terraces along all of the 
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streams, more particularly where they descend from the uplands to the plains toward 


the north and west. In general it is more clayey than in the Mississippi basin. 
At Red Lake Falls, in the side of the gorge of the Clearwater the following 


section was noted: 
(1) Slope. 
(2) Eight feet, mostly yellow loam, stratified more or less, efHorescence below; bottom clearly defined. 


(3) Seven and one-half feet of typical till, light bluish gray, or buff when weathered. 
(4) Five and one-half to three and one-half feet of a band of boulders above, and laminated, pebbly clay 


below, sometimes mostly gravel; this layer extends up and down the river. 


(5) Nineteen feet of light buff-colored till. 
(6) Four feet bouldery slope to the level of the stream below the dam. 


Upon the slope above this section appeared at various points, and particularly 
in the railroad cuts near by, several feet of laminated clay, in alternate layers of 
lead-colored and buff of very uniform thickness from one-eighth to one-fourth of an 
inch; the dark layers seemed to be a purer clay, while the thin light-colored layers 
showed imperfect traces of vegetable growth. The appearance of this clay is shown 
in fig. 2, plate G. The cuts along the railroad north of Red Lake falls and east of the 
town are mostly of this laminated clay, sometimes reaching below to a layer of fine 
sand or yellowish loam, sometimes with gravel intermixed. This laminated clay 
should, perhaps, be placed under the head of recent deposits, which may have accu- 
mulated in the shallow lake east and back of the beach running through the town 
west, The different Jayers made annually by aecumulations correspond to the 
different seasons, and the lead-eolored to the spring or period of rapid accumula- 
tion, and the light-colored to summer, the slight vegetation oxydizing the iron in 
it. Figures 2, plate Gi, and 1 and 2, plate H, illustrate this clay. 

Beaches. The several beaches of lake Agassiz mentioned in the report of Clay 
county extend also across the western portions of these counties. Mr. Upham in his 
bulletin upon the subject (No. 39, U.S. Geol. Survey) gives the following facts with 
reference to these. In preparing the map great assistance has been gained from 
Monograph xxv, U.S. Geol. Survey, by the same author. The highest or Herman 
beach of lake Agassiz enters Norman county a little west of the southeast corner of 
T. 148-44 and curves north-northeast past Fossum postoffiee to the vicinity of Wild 
Rice river near the centre of T. 144-43; thence it takes a north-northwest course 
to the middle of the north line of T. 146-44. The second Herman beach is trace- 
able a few miles from the first and may be parallel with it. The Campbell beach 
extends nearly due north in range 45. The McCauleyville beach is usually near it. 
The details of their position are shown upon the map. Each of these beaches is 
usually attended with clayey flats upon the east sometimes attended with shallow 
basins yielding water while the west side is usually marked with quite abrupt slopes 
and a belt. of bouldery ground one-half to three-fourths of a mile in width. The 
beaches are uniformly smooth with gently sloping sides. The surface is covered 
with a thin soil underlain with from one to two feet of gravel with several feet of 


coarse sand below. 
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We will give the courses of the beaches more fully in Polk county. Of Herman 
beach, which marks the highest stage of the lake, Mr. Upham reognizes three 
subdivisions. ‘The upper one of these enters Polk county in sec. 33, T. 147-44, and 
extends through the east edge of the southeast quarter of section 20 and to the west 
edge of section 27, where it has a typical ridge of gravel and sand with its crest 1,160 
to 1,173 feet above the sea, there being a gradual descent from the west. The 
depression on the east is one-sixth to one-fourth of a mile wide, sinking six to ten 
feet below the beach. Farther east the land is moderately undulating, the till rising 
twenty to thirty feet above the beach bordering the Water and Sand Hill rivers. At 
the ford of the old Pembina trail in the west part of sec. 28, T. 147-44, the ordinary 
low stage is 1,071 feet. He says that when lake Agassiz was at its greatest hight, 
Sand Hill river brought into its margin a delta six miles long, south and north, and 
three miles wide, reaching from the upper beach to the west side of T. 147-44, 
and 146-44. This resembles the delta of Buffalo river at Muscoda, in Clay county. 
Upon this delta dunes have been raised up by the winds, probably before vegetation 
had been spread over it. The elevations of the highest points of these dunes, in 
order, from south to north, are approximately 1,190 to 1,180 and 1,200. The highest 
dune appears to be near the EK. 4 N. E. 4 sec. 30, T. 147-44. The upper Herman 
beach runs approximately from south to north through or near the northeast corner 
of sec. 4, T. 147-44, smooth gravel ridges in some parts hidden by scattered groves. 
Farther east is a large area of woodland. The upper beach in the southwest quarter 
of sec. 11, T. 148-44, forms the plain of stratified gravel and sand, one-fourth to three- 
fourths of a mile in width, east and west, 1,166 to 1,173 feet in altitude. This beach, 
on the south side of section 11, becomes a distinct gravel ridge of the usual character 


about twenty-five rods wide, with its crest at 1,173, bordered by a slough twenty to 


forty rods wide at its east side. About one-third of a mile farther southeast, and 


some fifty rods west of the southwest extremity of Maple lake, in section 14, same 
township, the elevation of this ridge is 1,175 to 1,178. The elevation of Maple lake 
on July 28, 1881, was 1,169 feet. The upper beach is a well marked gravel ridge on 
the east edge of the northeast quarter sec. 3, T. 148-44, and beyond this point through 
the next two and a half miles, curving from the north to the northeast and east 
across this to the upper beach of lake Agassiz is a magnificent exhibit, forming a 
massive, gently-rounded ridge of sand and gravel about thirty rods across, with its 
crest 1,178 to 1,186 feet above the sea. It is bordered on its southeast side by a tract 
of slightly undulating till ten to fifteen feet lower, mostly covered with small timber 
and marsh, yielding frequent sloughs and lakélets in its depressions. The top of 
the beach is not woody, but small trees and bushes encroach upon its slopes. A road 
extends along the crest of its curving portion for a distance of about a mile through 
sec. 36, T. 149-44. The marsh which borders the northwest side in the northeast 
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part of Maple lake shows a descent of five to seven feet northwestward, away from 
the lake; it has a width of one to one and a half miles. Maple lake is prevented from 
Howing in this direction by a beaver dam near the lake. There is a creek draining 
this marsh where it intersects the upper beach near the east line of the northeast 
corner of quarter sec, 27, T. 149-48. Here the beach skirting the north side of the 
marsh is a flat deposit of gravel and sand, one-fourth to one-half mile or more in 
width. The highest next to the marsh, above it rises five feet to eight feet in a mod- 
erate slope. Its elevation in the north half of sections 26 and 27 1s one to two feet 
lower than the east, called the Attix ridge, “named from the settlers upon it,” which 
hes some two-thirds of a mile farther north in the south half of sections 21 to 22. 
This belt of beach, gravel and sand continues six miles in a nearly due east course, 
and beyond that extends still farther east ward along the north side of a great tama- 
rack swamp which begins in see. 34, T. 149 42, and said to be about eight miles long. 
Maple lake and this tamarack swamp hold the same relation to the upper beach 
ridge which was a bar between it and lake Agassiz which now wholly or partially 
obstructs the drainage of these areas. 

Here ended Mr. Upham’s first investigation of the beach. He afterwards 
traced it at different. points as far east as Red lake. The present writer found a 
beach developed along the west side of T. 149 40, running nearly due north into 
section 31 of the next township north, past the end of the moraine already described. 
In that portion it stands at the hight of fifteen feet or more above the low plains to 
the west. In passing northward from McIntosh it was not observed, probably because 
it had been removed by the action of Hill river. This probably corresponds to the 
upper Herman beach. | 

The second Herman beach, Mr. Upham says, is a rounded ridge of gravel and 
sand, ten to fifteen feet high, with a crest of 1,148 to 1,153 feet above the sea, and 
about three-fourths of a mile east of the old Pembina trail, in the W. 4 sec. 21, T. 
147-44, extending half a mile north from the Sand Hill river to a cluster of dunes 
in the N. W. } of section 16. He tinds it again a broad low ridge of gravel and 
sand extending north-northeast through sec. 28, T. 148-44. From its southwest 
corner to its north line the northward continuation of this beach is a low flattened 
ridge, the western one of twelve parallel ridges of gravel below that of the upper 
beach extending northwesterly and northerly through or near the west edge of section 
10, same township. Through the next three miles from section 3, same township, to 
the eastern part of sections 35 and 36, to the northwest corner of quarter sec. 29, 
T. 149-44, it isa prominent beach mdge with its crest 1,153 to 1,161 feet, somewhat 
steep on its east side, which descends ten feet to a belt of low land and marsh that 
divides from the parallel beach one-fourth to one-third of a mile east. The eastern 
parallel beach ridges are only ten to eight feet above the average elevation of the 
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upper beach. It probably marks a slight fall in the water surface at this altitude, 
but as no corresponding beach formation has been found in Dakota it is neglected 
in the foregoing table of elevation of the beaches of lake Agassiz. It is clearly 
continuous eight miles, the first four miles extending northerly, the next four miles — 
easterly. These parts are connected in sec. 25, T. 149-44, by a crossing curve with | 
that portion of this beach, and it extends thence eastward, being known as the Attix . 
ridge. 

The third Herman beach Mr. Upham finds is a small ridge of gravel extending | 
from southwest to northeast, eight to ten rods wide and rising four to five feet,. 
crossed by the Crookston road in the 8S. W. 4 see. 23, T. 149-44, and seems to reach 
at least a mile away from the road. Its hight is 1,146 to 1,149 feet. . 

The fourth Herman beach is crossed by the road to Crookston and Red Lake 
Falls near the centre of the southwest quarter section 15. This is a well marked 
gravelly ridge, mainly single, but two-fold where crossed by this road. Its hight is | 
1,132 to 1,184 feet. A distance of a mile between this fourth Herman beach and the 
third consists of till. 

It seenis not improbable that the upper Herman beach ends as before suggested 
at the end of the moraine near the Hill river, and that the beaches observed farther 
east by Mr. Upham are continuations of the lower Herman beaches. 

From four to five miles north from the fourth Herman beach, the road to Red 
Lake Falls crosses the Norcross beach in sec. 27, T. 150-44, where it is a belt of 
gravel and sand about one-half mile wide, extending from southwest to east-north- 
east at an elevation of 1,083 to 1,095 feet. There is a broad beach-hke ridge, which 
was seen only from a distance, running in a north-northeast direction east of 
Beaudry or Perault station, for two or three miles in T. 150-44. It not improbably 
corresponds to some of the higher swells lying between Red Lake river and Clear- 
water river in their southerly courses. It seems not improbable that extending 
from the end of the east moraine toward the northwest there was an imperfect 
moraine accumulated in the bottom of the lake, which is the cause of the rapid 
descent of these streams in their southerly courses, and also the reason for that 
direction. This supposition is favored by the patchy character, as indicated not 
only in the soil, but in the distribution of vegetation. This is illustrated well in 
figure 1, plate I. : | | 

Mr. Upham suggests that some of the lower ridges of the Norcross beach 
appear along the railroad a little west of St. Hilaire station. It should be noticed, 
however, that according to his own statement, in his bulletin on the upper beaches 
of lake Agassiz, page 17, the surface is altogether too low; unless there is a 


declining of the ridges toward the north, which he does not note. There seems to 
9 
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be evidence of such a decline by a comparison of the ridges along the Fosston and 
St. Hilaire branches of the Great Northern railway. In favor of the Norcross beach 
passing east of this point it may be mentioned that northwest of Thief River falls, 
near Excel postoffice,a beach, corresponding to the Tintah beach, comes in east of 
the Campbell beach. 

Campbell beach, We have been unable to determine from Mr, Upham’s notes 
whether in his bulletin No. 39, U.S. G.8., he reeoguizes more than one Campbell 
beach. In his Canada bulletin on “Glacial Lake Agassiz,” he recognizes three at 
some points. Where we have observed this beach. there have been two closely 
related as in the northeast corner of T. 150-44 (Gentilly). A view of these beaches 
is given in figure 2, plate 1. According to Mr. Upham’s notes in his bulletin No. 39 
on lake Agassiz, it enters the county near the middle of the south side of T. 14¢-45, 
and passes nearly due north to the south dine of T. 150 45, when it turns nearly 
northeast to the northeast corner of that town to Red Lake river. It reappears 
near Wylie station on the St. Hilaire branch, running in a north-northwest direc- 
tion, which it holds to the north line of T. 152-45, when it continues northward to 
the north line of the county. In T. 150 45 it has a well formed gentle arehed ridge 
with a gravelly subsoil, It rises about six feet above the hight of the muddy flat on 
the east, and about forty feet above the long. canal-hke slough separating it from 
the McCauleyville beach, whose crest at that point is only about eighty yards 
distant. Its hight above the crest of the MeCauleyville beach is about thirty feet. 

The MceCauleyedle beach, This, according to Mr. Upham, enters the county in 
company with the Campbell beach and follows it closely to Red Lake river. It there 
becomes separated from it and appears at Ives station, about four or five miles south- 
west of Wyhe. It there is running west of north but soon turns more toward the east 
and approaches the Campbell ridge and passes the north line of the county not far west 
of it in range 40, Another beach whose correlation has not been determined runs 
nearly parallel with it a few miles west. All of these beaches have similar features. 
Their slopes are marked by lines of poplars and low bushes, while the area between 
is covered mostly with grasses and is more or less marshy. As Mr. Upham has 
already observed, they rarely, if ever, show a bouldery character. Upon the Camp- 
bell beach we found a limestone boulder about six inches in diameter, which is the 
only clear exception to the general rule, so far as known. 

Bouldery stretches. In each case the inner or western slope of the beaches is quite 
abrupt and the edge of the plain on that side is usually clayey and strown with boul- 
ders. This belt of bouldery land may sometimes be a mile or more in width. The 
boulders are sometimes so numerous as to interfere seriously with tillage when dry 


enough to farm, and with mowing when used as hay meadows. 
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Clay flats. Extensive areas outside and remote from the beach are commonly 
covered with fine clay. This becomes marked just back of the different beaches and 
also in the western and lower portion of the lake Agassiz basin. The structure of 
the clays underlying these areas is given under the head of Modified Drift on a 


preceding page. 
| RECENT FORMATIONS. 


These include the alluvial deposits along the streams and along the lakes upon 
the uplands in the southern part of the county. They resemble those of the adjacent 
counties next east. They are of comparatively limited extent in valleys; the broader 
basins connected with the main watercourses are sometimes filled with fine matenial 
forming considerable bottom land, a rich and usually easily tilled soil. 

The deposits upon the Red Lake plain are such as are found in broad marshes, 
consisting largely of muck, and probably in some places beds of peat may be found. 
Along the lower courses of Red Lake, Clearwater, and Wild Rice rivers are extensive 
areas of fertile land sufficiently dry for easy tillage; in some places, especially where 
the land is very flat, the subsoil is very clayey. 

The western half of the county hes within the old basin of lake Agassiz. While 
its terraces and beaches in the eastern portion of its bed are probably to be referred 
to the end of the Glacial epoch, the western quarter of the county is deeply covered 
with alluvial clays and loams of recent deposition, in part to be attributed to the 
accumulations of the lake in its last stages and in part to the Red river and its 
tributaries, before they had excavated their present distinct channels. 


ECONOMIC FEATURES. 


These in general may largely be inferred from the statements already made 
with reference to the surface and geologic features. A few additional points may be 
profitably considered. 

Vegetation. The portions of these counties covered with continuous forests is 
limited on the west by a line running along the north slope of the highland region 
near the south line of T. 150 to the vicinity of Hill river; thence southeast, passing 
near Fosston and onward to the south line of Polk county, and thence a little west 
of south to the vicinity of White Karth Agency. In this region, which is occupied 
by morainic strips, considerable quantities of pine are found, also much valuable 
oak. | 
The eastern limit of continuous prairie, excepting of course the vicinity of 
streams and other limited local groves, may be drawn as entering the county from 
the north with the Campbell beach and following it to Red Lake river; thence it 
turns east-southeast to the edge of the highland about twelve miles north of 
McIntosh; thence south, east of Hill river to McIntosh, where it turns westward and 
follows the Herman beach around Maple lake and southward out of the county. 
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The area between these boundaries of continuous forests and continuous 
prairie is an irregular intermingling of groves and grass areas, the latter keeping 
the lower and wetter portions, while the former are found where the ground is 
slightly elevated. This belt is largely marshy and most of it is considered too marshy 
for occupation. On the plain west of Red lake these marshes are probably too deep 
for reclamation but in the area outside of the boundary of the old Red Lake Indian 
reservation Is probably most of it capable of bemg drained, and, when necessity 
demands it, probably can be prepared for tillage. A portion of the prairie land 
traversed by the beaches which have been enumerated presents a variety of soils 
and surfaces, which, while not favorable in general for extensive farming is still 
adapted to various purposes which may be protitably followed in farming. The 
beaches afford pleasant and healthful locations for houses and for excellent roads. 
The clay flats where moist may be utilized for hav meadows and where dry may be 
tiled. The bouldery strips may be easily reclaimed by the gathering of boulders 
which may be utilized for building purposes, 

The slopes of the beaches seem especially adapted for the growth of trees like 
the aspen, oak, elm, ete. The general slope of the region ix such that dramage can 
be easily effected. West of the beaches the flat plain of the Red river, especially in its 
western portion, will for the present mainly be utilized for hav. The soil is gener- 
ally a rich black loam, though in timber it is often of a light color, 

Water-power. The slopes are sufficient and also the size of the streams for the 
development of valuable mill-sites along Hill river, Poplar river, and Badger creek,and 
particularly on Clearwater and Red Lake rivers between the points where they turn 
southward and Crookston, The altitude of Red river at the mouth of Thief river is 
nearly 1,100 feet. At Red Lake Falls only 940; at Crookston $50). 

Clearwater river has a probably still greater fall between the points of its turn 
southward and Red Lake Falls. The valuable feature in both these streams is their 
slight fluctuations in level; for the range from low water to high in both these 
rivers at Red Lake Falls is only five feet. The other streams we have mentioned, 
from their smaller volume of water, ean afford water power for only small enter- 
prises. Wild Rice river, in Norman county, is also an important stream in these 


respects. 
Artesian wells. The following interesting facts are culled from a letter fur- 


nished to the survey by Mr. Springer Harbaugh, published in the thirteenth annual 


report. Mr. Springer Harbaugh, of St. Paul, [SS5, says: 

“On Lockhart farm, in Norman county, in 1880, at 160 feet we struck an extraordinary flow of water. At 
a distance it had the appearance ofa monument thirty or forty feet high. Other wells were sunk on his farm 
and all have quite heavy tlows of pure semi soft water, 

“At Keystone farms in T. lol-48, since 1881 we have drilled eieht artesian wells and they all have regular 
continuous flows of pure, good and semi-soft water. 

“Water was struck on this farm at 95-120) feet, with one exception, where we reached water at 150. 
It is only upon this farm that the land is elevated to five feet above the surrounding country. We drilled several 
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test wells and found brackish artesian water at a depth of ninety feet, which we abandoned. We then determined 
to drill considerable deeper, and struck a pretty heavy artesian flow of milky, brackish water at a depth of 250 
feet, which we also abandoned: and then selected a point on lower ground 1,200 feet distant, and found good 
artesian water at a depth of 100 feet. In drilling these wells we penetrated through the strata about as follows: 

“Through the usual black loam from one and one-half to three feet: then through a light clay from five 
to seven feet; then through a blue clay, varying from 30 to 60 feet; then a stratum of hard pan; then sand and 
finally gravel, when water is generally struck. Between these strata we generally passed through inter- 
mediate seams of quicksand and also seams of gravel.” (Ninth An. Rep., p. 166.) 


At South Crookston Mr. E. 8. Corser bored to a depth of 190 feet, “penetrating 
through the blue clay, in coarse sand or fine gravel, affording sweet cold water, 
quite soft, which rose ten feet above the surface through a three-inch pipe, at 
the rate of three pailfuls per minute.” | 

From a general statement made by major Powell, director of the United States 
Geological Survey, in the eleventh annual report, part 1, page 267, we find that in 
Norman and Polk counties there are numerous artesian wells, all, with few excep- 
tions, furnishing copious supplies of fresh water. They are distributed as follows, 


with the depths corresponding: 
Norman county. 


Feet. 
Shirley, - - . : . - - - - - . - 200 
Halstead, : - - : - - - - , : : 250 
Eight miles northeast of Halstead, 2 : - - - - - - 165-219 
Ada, - - : . : ; - - - - - 217 
Lockhart, —- - : ' : : - - . - - - 140 
In the vicinity, - . - : - - - - - - 125-150 
From Ada, - - - - - - - - - - - - 100-200 

Polk county. 

Feet. 
Near Kittson, — - - : é . - - - . . : 80-140 
Colman, - : : : - - - . - - - - 190 
Vicinity of Crookston (probably 100 wells), - - - - - 165-240 
Fisher (water alkaline and saline), - - - - - - - - 285 
South of Angus (also alkaline and saline), — - - - - - - - 253 


All these wells pass through thin lacustrine and alluvial beds, then glacial 
‘drift (till) in which are water-bearing layers of sand and gravel. From this it would 
appear that probably saline waters would be found over most of the region by 
going completely. through the drift clays to a depth of from 200 to 300 feet. 

At Red Lake Falls a well has been bored over 400 feet. From the statement 
of the borer, Mr. Anderson, the following section 1s made: 


(1) 47 feet of lacustrine clay, much of it laminated. 
(2) 47 to 112 feet, clay, with small stones; water struck in limited quantities at forty-seven feet. 
(3) 112 to 316 fect, sand and gravel, cement above the water for several feet; struck water at 118 and 316 


feet, at last rose up to within forty-seven fect of the surface. 
(4) 316 to 407 feet, clay without grit, presumably Cretaceous. The lacustrine clay of No. lis a deposit of 


lake Agassiz, and Nos. 2 and 3 are probably quaternary, the principal portion at least of glacial origin. 

At Thief River Falls a boring had been earried down in 1893 to a depth of 258 feet. 

(1) 225 feet “hard pan,” probably till. 

(2) 26 feet of sand and gravel. 

(3) 114 feet of dark soft rock. No. 3 is possibly Cretaccous. 

THE PROBABLE GEOLOGIC HISTORY OF NORMAN AND POLK COUNTIES, 

Of the pre-glacial history we need say but little. The area was probably under 

the sea as late as the Fort Pierre epoch of the Cretaceous, It is not unlikely that 
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Silurian rocks also may be encountered in deep borings. After the retreat of the sea, 
in the Tertiary age the drainage very likely was toward the north, as at present. 
Toward the end of the Tertiary the drainage toward the north very likely became 
less abrupt because of the continental elevation toward the north and east. So far 
as yet known no buried channels of the streams of that time have been discovered 
but it is not unlikely that deep borings, especially in the southeastern portion of this 
area, may reveal the existence of such. 

The Quaternary history. The following explanation is of course offered provi- 
sionally and as a means not only of fastening in mind the facts already given by 
arranging them about theoretical principles, but also to awaken interest for the test- 
ing of the theory and the consequent discovery of additional facts. 

It. is agreed by all students of the subject that the ice which occupied this region 
came from the north and northeast. From what was said concerning the geological 
history of Hubbard county it will be understood that the ice was independent in its 
movements from the ice lobe which occupied the upper Mississippi region.” This 
at least was true in the later part of its history, which has left its impress most 
distinctly on the present surface of the country. The great lobe of ice which occu- 
pied the Red river valley, it will be remembered, moved southward and was divided 
by the eastern coteau into the western lobe, which crept down the James river 
valley,and the eastern lobe, which passed down the Minnesota valley into central Iowa. 

In its recession we suppose that it had periods of halting and possibly advancing 
for a short distance, which has, as before explained, resulted in the accumulation of 
moraines, Between the Red river lobe, as we may call it, and lake Superior lobe, 
which occupied the upper Mississippi region, there was at one time probably no 
distinct separation upon the surface of the ice-sheet, but as they melted away their 
margins very naturally would be more and more separated along the hight of land 
or ridge forming the divide between the Mississipp1 basin and that of Red river. 
Along these separating margins there would be accumulated morainic material. 
This would, as each lobe gradually retreated, tend to form contemporaneous pairs 
of moraines or long slender v-shaped moraines, one branch of which should belong 
to the Red river lobe and the other to the lake Superior lobe. Between the pairs 
of these different moraines there would naturally be a great escape of water toward 
the south and the incidental production of much modified drift in the form of 
ridges, knolls, and gravel plains. 

With this general conception we conceive that the first portion of this area, 
which became uncovered in the retreat of the ice, was in the extreme southeast 
corner of Norman county, and outside of the morainic strip which occupies the 
eastern range of townships in that county and turns southwest past Twin lake and 
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White Earth lake. While the Red river lobe was forming that moraine, the lake 
Superior lobe is conceived to have been forming the morainic strip, to be described 
later in the discussion of Beltrami county, which runs southeast from the lower 
Rice lake, past lake Itasca, into Hubbard county. These two moraines were prob- 
ably separated from each other, although gradually approaching as far north as the 
head of Clearwater river. At this stage the water escaping from the slopes of the 
two ice lobes traversed the southeastern portion of Norman county and passed 
southward down the upper course of Otter Tail river. 

Formation of the Wild Rice moraine. Next we notice the stage when the 
western ice-sheet was occupying and forming the moraine which runs west of 
southwest, south of the Wild Rice river, joining the upper Herman beach in T. 
143-43. At that time circumstances permitted the water from its eastern edge to 
escape westward down the south branch of Wild Rice and Buffalo rivers to Mus- 
coda. We may suppose that it was the time of the accumulation of the delta of 
that river at Muscoda. It may be objected to this interpretation that the Herman 
beaches which Mr. Upham associates with that delta may be traced farther north 
than this moraine, but 1t will be remembered that the beach was not continuously 
traced across the Wild Rice river, and from the margin of variation in the course of 
the beaches and the fragmentary representation of them, it seems not improbable 
that this theory may be reconciled with the facts. 

The stage of the Hill Rirer moraine. 1t will be remembered that a suggestion 
has before been made in connection with the junction of the morainic ridge in T. 
150-40 and the high beach prominently developed there, that the ice may have 
occupied the moraine while the beach there present was forming. If that supposition 
is correct, we may conceive that the ice-sheet at that time had vacated the whole 
area under consideration except fourteen or fifteen townships in the northeast 
corner. It can be readily understood that the ice when confronted with an ex- 
tensive lake should show a deeply reéntrant angle along the water front. This 
would be the deeper the slower the movement of the ice, and it seems not 

improbable that at this stage there was very slight motion of the ice-sheet, because 
of the stagnation of its fountain head on the north. We may therefore suppose 
that when the ice was in contact with the moraine in T. 150-40, the front of the 
ice, where bordering the lake, turned northwest and north in a more or less regular 
curve, passing the north line of Polk county somewhere west of Thief river. There 
would, of course, be a much more rapid melting and consequent recession of the margin 
of the ice in the lake, and the moraine less prominently developed from the 
accumulation of debris. The peculiarly stony character of the till along the 
southerly courses of Red Lake and Clearwater rivers, which has resulted in their 
very steep descent, together with their very shallow basins found along the strip, 
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seem to favor this view. Moreover, in this way could we find the most satisfactory 
explanation of the ancient channel, before noted, in the northern portion of. T. 
149-40. During that stage the drainage of the ice from the southern edge of the 
lobe which lay along the present southern slope of the Red Lake basin would have 
escaped largely by that channel. The fact of there heing no boulders upon the 
beaches of Lake Agassiz would seem to be fairly explained by the supposition that 
the ice was mainly stagnant during this period of its recession and formation of its 
beaches. As a result of this, few floating bergs of ice would be detached from the 
ice. Moreover, in case masses burdened with drift were detached, the chances of the 
coarser material being raised to the hight of the beach would be slight. 
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CHAPTER V1. 


THE GEOLOGY OF MARSHALL, ROSEAU AND KITTSON COUNTIES. 


By J. E. TODD. 


SURFACE FEATURES. 


These three counties occupy a rectangular area in the extreme northwestern 
corner of the state (plate 63). They are very similar in situation, character of the 
surface and altitude. They all lie within the basin of lake Agassiz, 

Our knowledge of this region has been derived from several different sources. 
It has been briefly alluded to by writers connected with parties sent out by the 
general government, also by Mr. Warren Upham in his work upon lake Agassiz. 
Our personal acquaintance has been confined to a trip, visiting Thief lake and the 
central portion of Marshall county, and a trip along the main route from Stephen 
to Jadis, and also a flying trip along the railroad. Several facts have also been 


derived from some of the annual reports of the survey. 


MARSHALL COUNTY. 


Marshall county is of rectangular shape, seventy-two miles by thirty, there- 
fore containing about sixty townships. It is bounded on the south by Polk county, 
on the east by Beltrami, on the north by Roseau and Kittson, on the west by North 
Dakota, the Red River of the North forming the boundary. The surface is quite even, 
hills more than twenty feet in elevation above the general surface being unknown. 
It is largely covered with marshes and shallow lakes. The region east of Thief 
river is perhaps half covered with scattered groves of timber; all the rest, with the 
exceptions of the narrow strps of timber along streams and beach ridges, is covered 
with grass. According to the estimate published in the first volume of the final 
report, Marshall has 1,675.04 square miles, of which 1.4 square miles are said to be 
water. That the latter statement is a mistake may be readily shown by pointing 
out the existence of Thief lake, which must cover when at normal hight a surface 
of eight or nine square miles, of Mud lake, covering five or six, Elm lake, more 
than one square mile, while half a dozen small lakes may aggregate two square miles, 
making a sum total of more than fifteen or sixteen square miles. 
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Drainage. The drainage of the county is divided into two basins by a low ill- 
defined swell running parallel with Thief river and two or three miles from it. 
West of that line the slope is quite uniformly and gently to the west. Kast. of 
it the slope, though mostly toward the west, has drainage into Thief river, which 
conveys it to the southwest into Red Lake river. 

The principal stream of the eastern portion is Tlhief river, which flows in a 
narrow trough rarely exceeding twenty feet in depth and of little width beyond 
that of the stream itself. Its descent from Thief lake is considerable, as indicated 
by several rapids formed by boulder bars. The stream rises in Thief lake and keeps 
nearly a straight course south-southwest. [ft receives the outlet of Mud lake and 
enters into Red Lake river near the southern line of*the county. 

Its main branch is Moose river, which, in faet, might be called the upper waters 
of the first stream. This is a sluggish stream which rises in the swamps a little 
east of the county line, flows a little west of north into the east end of Thief lake. 
A similar stream known as Mud creek rises and flows in a similar direction about 
twelve miles south of Moose river, to the northern corner of T. 136-41, where it 
turns southwest and enters Mud lake on its northeast side in T, 156 40. It is a slug- 
gish stream twenty feet wide and two or three feet deep, with banks of gravelly clay 
three to five feet high. 

Thief lake occupies eight or nine square miles in the southwest corner of 
T. 158-40, and in the southeast of the next township west. [ts north and east sides 
are timbered marsh; on the south and west is farm land lying ten or fifteen feet above 
the lake. Mud lake is surrounded by open marsh or quagmire on every side. It is 
of circular outline. The centre of the west line of T. 156 41 is near the centre of the 
lake. It is between two and three miles in diameter. Approaching it from the 
southeast is a shallow channel known as Little river, occupied mostly with small 
elongated Jakes running toward the northeast and approximately parallel with Red 
Lake river. Southwest of Mud Jake is another cluster of lakes lying approximately 
parallel with Thief river, which runs two or three miles west. There are no lakes 
west of Thief river. 

The streams in the western portion of the county are Snake, Middle, and 
Tamarack rivers. The tirst rises in T. 156 45, and flows southwest nearly to the south 
line of the county, where it receives the waters of the South fork coming from the 
east; thence flows west past Warren, loses itself fora time in a swamp about eight 
miles west of that place, then follows a channel nearly parallel with Red river 
but converging toward it and entering it at the northwest corner of T, 157. 49. Its 
upper portion is dry much of the year. 

Middle river rises in a swamp a few miles west of Thief river near the northern 
corner of T. 157-42, flows southwest into the north portion of T. 156-44, thence 
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describes a curve to the north and again west-southwest to the vicinity of Argyle, 
where it is following a west-northwest direction, which it keeps until it enters a 
marsh about eight miles from that place. From this marsh the water apparently 
gathers into the lower course of Snake river as before described. It has running water 
in most of its course. At ordinary stage it 1s one to five yards wide and from six to 
twelve inches deep. 

Tamarack river, as far as known, rises in the eastern half of T. 158-45, keeps a 
general direction west into the middle of the township, thence south two or three 
miles, then takes a general course with many crooks, northwest past Stephen, which 
course it keeps until it enters a swamp four or five miles from that place. About 
seven miles west from the point of its disappearance a stream gathers from that 
swamp and after a course of three miles enters a river in T. 158-49. It is twenty 
to thirty feet wide and about one foot deep, where it is crossed by the Pembina trail. 

The highest portion of the county is probably a little west of Thief lake. The 
altitude of Thief River Falls depot, according to railroad levels, is 1,135 feet, which is 
not more than ten feet below the highest points around. The altitude of the before 


mentioned land near Thief lake is probably not more than 1,175. 


ROSEAU COUNTY. 


_Roseau county derives its name from Roseau river, which drains most of the 
county. It is bounded on the south by Marshall county, on the east by Beltrami, 
on the north by Canada, on the west by Kittson. It is bounded on all sides by 
artificial lines and has a rectangular outline. Its length east and west is thirty-six 
miles, and its breadth north and south a little more than thirty. It consequently 
comprises about thirty-one townships or about 1,116 square miles. It includes but 
one considerable lake, viz.: Roseau lake, covering four to five square miles, in the west 
half of T. 163-40. It is occupied largely by swamps, especially in the northwest corner 
where three or four townsnips are included in “the great muskeg.” The general 
slope of the surface for the whole county is toward the northwest. Near the Roseau 
river, where the course is toward the north, the slope is quite considerable and eleva- 
tions of thirty to tifty feet occasionally appear near the streams, which are more 
marked where the stream traverses ancient lake beaches. One of the most conspic-. 
uous of these beaches begins near Jadis, near the centre of T. 162-40, and continues 
in a broad ridge west-southwest in a quite direct line past Badger to the west 
boundary of the county near Pelan, near the southwest corner of T. 160-44. Further 
description of this beach will be found in a later paragraph. There are probably 
other beaches. This ridge is bounded by swamps most of the distance. A stream 
breaks through it near Badger postoffice in sec. 12, T. 161-42, and after a course of 
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three or four miles loses itself in ‘the great muskeg.” A somewhat similar sluggish 
stream, the head of the south branch of Two rivers, with quaking banks, follows the 
south side of the nidge and breaks through the ridge near Pelan. The eastern row 
of townships is traversed by the numerous branches of the Roseau river, which 
have worn channels from ten to thirty feet in depth below the surrounding country. 
The region from Jadis to Roseau Jake is a low fertile alluvial plain covered with 
luxuniant grass. The Roseau river and the before mentioned ridge are bordered 
by considerable timber, some of it containing valuable pine. West of Roseau lake 
the stream enters “the great muskeg” but it keeps its course through and _ passes 
from this county to Kittson near the northwest corner. The highest part of the 
county is doubtless in the southeast corner. | 
KITTSON COUNTY. 

This county, the northwestern-most of the state, is also nearly rectangular. A 
little more than five townshipsin breadth north and south and nearly seven east and 
west. It may be estimated to include an equivalent of thirty-six townships, or 
about 1,290 square miles, of which, perhaps 1.5 square miles are water, formed by 
two lakes in the northern part of T. 159 45. The surface of the county is prairie 
except in the vicinity of streams and lake ridges. 

Drainage. The county is almost entirely drained by the stream known as Two 
rivers. This evidently obtained its name from the fact of the old Pembina trail 
crossing the main branches of the stream a little above their junction. The south 
branch, which is the main one, rises, as before said, in Roseau county and enters 
Kittson near the southeast corner of T. 160-45. It is there about twenty feet wide. 
It takes a course northwest at right angles with the beach-ridge, through which it 
has broken, which course it continues to the middle of the west side of T. 161-45, 
thence in a general westerly course it passes into the southwest corner of T. 161-48, 
where it turns north-northwest, receives the middle branch which has nearly a direct 
course from a point twenty miles east, thence passes north of Hallock, receives the 
north branch about eight miles west of that place and continues its course, entering 
the Red river at the northwest corner of T. 161-50. Near Hallock it is twenty-five 
to thirty feet wide, with banks fifteen feet high. The north branch of Two rivers 
rises in the south part of T. 163-46, and keeps a nearly direct course to its junction 
with the main stream, turning northward past Northcote. A small stream rises in the 
east side of T. 160-47, passes west into the next township and turns northwest as if 
to enter the south fork of Two rivers but ix represented as sinking about two miles 
before reaching 1t. | 

The four southwestern townships of the county are drained by a much branched 
sluggish stream, which empties in Red river near the centre of T. 160-50. It is 
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understood that the northeast townships of the county lie in “the great muskeg,” 
along the Roseau river, which, as before stated, enters the county from Roseau near 
the Canada line, and after flowing about six miles in this county passes into Canada 
in the fragmentary T. 164-45. From this it follows that the highest portion of the 
county lies in the southeast corner, where the altitude is estimated from the ancient 
beach to be nearly 1,050 feet, and the general slope is toward the northwest, where 
the lowest point occurs near St. Vincent, where it has an altitude of 787 feet. The 
surface of the county presents no abrupt elevations except in the close vicinity of 
the streams, where banks are rarely over fifteen feet. Where a stream passes 
through an ancient beach, as near Pelan, a difference of eighteen to twenty feet 


is found. 
ELEVATIONS. 


The three counties considered in this section are traversed by but one railroad, 
and the streams are not of sufficient importance to have called for surveys, therefore 
the authentic data concerning the elevations of the surface are few. From the St. 


Vincent branch of the Great Northern railway we have the following: 


Miles from Feet above 

St. Paul. the sea. 
Warren, - - - - - - - - - 329.8 853 
Snake river, water, 833; sla : : : ; 33),9 nr 
Argyle, - - - - - - - - 330.6 845 
Middle river, bed, 828; water 831: grade, - : ‘ : 340.2 © 842 
Tamarack, bed, 811; water, 814; grade, - : : : 347.7 827 
Stephen, : : - 2 - - - - : 348.1 827 
Donaldson, : - - - - - - - - 356.6 826 
Kennedy, _.- - - - - - - - 361.4 825 
Hallock, - - - - - - . : 370.5 815 
South branch of Two rivers: hed. 791; water, 800: grade, : : 371.7 813 
Northcote, - - - - - - - - - 376.1 802 
North branch of Two rivers; bed, 778: water, 784; grade, - . 376.5 798 
Humboldt, : . - - - - . - : 382.9 792 
St. Vincent, switch of line from Emerson-Winnipeg, — - - - 389.2 787 
St. Vincent depot, - - - - - - - . 390.2 7187 

Red river at St. Vincent; bed, 739; extreme low water, 748; high water in 

1866, 782; usual water, 753; extreme high water 1882, - - - 390.2 788 
Grade on international boundary, - - - - - 391.2 790 

Red river high water, 1882, 2 - - - - - 391.2 786.5 
: e 2 391.3 790 


Emerson, on branch of Canddian Pacitic, - 
Elevations along the Red river, 
At mouth of Red Lake river, Grand Forks, bed, 779; extreme low water and high water, 784-828; range, 44 feet. 
Mouth of Turtle river. sec. 11, T. 154-51; ordinary low water, 778. 
Akton, 2.5 miles north from the mouth of Forest river, ordinary, 773. 
Mouth of Park river, St. Andrew, about 769. 


Pelican bar, ordinary low water, 758. 
Mouth of Pembina river and St. Vincent, bed, 739; ordinary low and high water, 753 and 782. 


Estimated altitudes. 


Feet. 

Of Thief lake, about - - - - - - - - - - - 1,160 
Of Roseau river at Jadis, about - - - : : - - - 1,015 
Of Roseau lake, about - - - - . - - - : e 1,000 
Of Roseau lake, according to the International boundary commission, — - : : 1,040 
Of Roseau river at Pointe de Orme, according to the International boundary commission, — - 976 
i = 2 S 1,080 


At the east end of Campbell ridge, west of Jadis, about - 
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The counties under consideration have great uniformity of structure. The 
older rocks or preglacial deposits are unexposed, Their depth below the surface is 
probably from 50 to 200 feet. The only report of older rocks 1s an uncertain one, 
which is as follows: <A settler, who had been a quarryman, informed me that ten 
miles west of where Badger creek enters the “big muskeg” in the southern part of 
T. 162-44, he dug down four feet below the surface and found limestone four feet 
square without seams; how much more extensive he did not discover. Not far away 
in the ridge he said he saw flaky lavers of limestone inclined. It is possible, if not 
probable, that these were boulders in the drift. Yet, from the fact that limestone 
appears abundantly in the drift in the Red nver and Minnesota valleys, and that it 
is struck in the boring of deep wells, it seems not improbable that ledges of it may 
come near to the surface at the pomt stated. For a section of the older rocks consult 


a record of the St. Vincent salt well on a subsequent page. 
GLACIAL DEPOSITS. 


These consist mainly of the till This is very rarely exposed because of the 
prevalence of later formations and the abundance of vegetation. It is known to lie 
near the surface, particularly in the southeastern portions of Roseau county and the 
eastern part of Marshall county. In the latter region irregular bouldery knolls, 
rising a few feet above the swamp, are not uncommon. The abundance of boulders 
on the lower side of the beaches, and also in very rare cases upon the beaches them- 
selves, indicates the nearness of the till to the surface in such localities. In sec. 27, 
T. 156-44, which locality is a short distance west of an ancient beach, wells revealed 
onty till, somewhat stratified at the top. This is probably generally true inside of 
high beaches, 

Moraines. No typical formation of this class has been discovered in these 
counties nor should we expect it, when we remember that the whole of the region 
lies in the bed of lake Agassiz, From that fact it follows that no portion is free 
from the results of lacustrine action. In the discussion of Polk county it was sug- 
gested that a strip of country extending northwest from the moraine in T. 149-40, 
was really a moraine, modified by the lacustrine waters which attended the front 
of the ice-sheet. Instead of forming knobs and basins of typical form, the irregu- 
larity of structure is shown by irregularly arranged patches, that is, groves of poplar 
are irregularly imterspersed with grassy meadows. The former being somewhat 
elevated and the latter frequently very wet. It will be remembered that this strip 
passes on the north side of Red Lake river north of Red Lake Falls, and extended 
northward, west of Thief river and Thief lake, to the north line of Marshall county. 
The dry land west of Thief lake seems to be a portion of this strip. Its slight 
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elevation above the surrounding country forms the low water-shed, already men- 
tioned, a little west of Thief river. Though sand appears upon the surface quite 
generally, the subsoil is clay and frequently shows boulders. For reasons that 
appear more clearly in Beltrami county it is conjectured that this strip turns east- 
ward north of Thief lake and connects with high land south of Lake of the Woods. 
Had the country been at all passable the southeastern portion of Roseau county 
would have been examined to ascertain concerning this fact. 


No distinct traces of osars or kames have been found. We should at any rate 


expect them to be modified by lacustrine action. Reports have been given to the 


effect that a knob of some elevation covers four townships about ten miles south of 
Badger postoftice, which would be in the southeast corner of T. 160-42. 
These cover the whole surface of these counties, except 


The lacustrine deposits. 
They consist of clay flats, 


where the action of waves or undertow prevented. 
bouldery strips and ancient beaches, the first being much the more prevalent, 
especially in the west portions of the counties. 

Beaches. By reference to the reports on the counties farther south, it will be un- 
derstood that the highest beach of ancient lake Agassiz, named by Mr. Upham the 
Herman beach, is divided into four or five different members. Toward the north, at 
Maple lake in Polk county, these members vary in ght through a range of forty- 
five or fifty feet. Moreover Mr. Upham discovers, from his examination of the 
hight of this beach, that this variation increases toward the north and east. It will 
be remembered that in the southern part of T. 150-40 a beach probably correspond- 
ing to the highest Herman beach is found connected with a moraine and also a 


drainaye channel, or outlet through the moraine. The next group of beaches, known 


as the Norcross, seems not to be represented, unless in detached fragments east of 
Thief river not yet recognized, appearing in Marshall county along the east side 
of T. 155-44, and probably a portion of what Mr. Upham calls the Tintah beach. It is 
there double, the two members separating and uniting from time to time, 
rising ten or twelve feet in some cases above the surrounding country. Its course 
as determined passes northward to the northeast corner of said township, then 
turns northeast for a couple of miles, then turns to the east side of the township east 
of Humboldt and is found along the east side of secs. 31 and 30, T. 157-48; it there 
crosses Middle river and is believed to continue in a northern and northeastern 


direction. It is sometimes called Oak ridge because of the frequency of those trees 


along it. 
The Campbell beach is much more conspicuous in these counties, and forms a 
most important feature. It has not been traced between Wiley station in Polk 


county and the east side of T. 156-46. That it is fairly continuous is probable from 
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its being followed by the old Pembina trail. It has been traced from the middle of 
the east side of the last mentioned township across Middle river, north by west, to 
Tamarack river, which it crosses near Fir postoffice, see. 2, T. 158-46. At this point 
it forms a grand natural turnpike. It takes a due north course to the southwest 
corner of section 13 of the township north, thence east-northeast, crossing the south 
branch of Two rivers upon the county line in the east side of see. 25, T. 160-45, then 
follows a direct course to Badger postoftice; east of which it crosses Badger creek 
on or near sec, 12, T. 161-42, and continues without further interruption to the centre 
of T. 162-42, about two miles west of Jadis, a lower attendant of it even reaching 
that place. It forms a perfect thoroughfare, it Is grassy on its top, it is often 
eighteen to twenty feet in hight with a breadth of 600 yards and at several points 1s 
double or triple with sometimes cross midges, At its eastern extremity it ends in 
an abrupt curve toward the south and very likely may be traced south parallel with 
or converging toward the course of the Roseau river south of Jadis. A ridge corre- 
sponding to it in hight is reported on the east side of the Roseau south of Jadis; anda 
short ridge corresponding is crossed by the trail from Jadis to Lake of the Woods in 
Beltrami county. To illustrate some particular points of its structure, several small 
diagrams are appended. These have not been carefully measured but represent the 
general plan correctly, 

Upon this ridge a problematic feature was noticed in the form of straight, 
narrow ridges of gravel several rods in length and from 1.5 to 3 feet in hight. They 
lie upon the flat. surface of the ridge and remind one, in appearance, of ridges found 
around lakes which have been made by the thrusts of the ice, either under the 
tension of freezing or when pushed by storms. The most notable examples are 
found about two miles east of Pelan and are shown in figure 10. 

Upon the ridge a little north of Fir postoffice, one of these sharp ridges lies 
longitudinally, but in the other case they are transverse. Local tradition ascribes 
them to the Indians. They are said to be low fortifications, made somewhat after 
the fashion of rifle-pits. Nothing in their appearance would suggest such an ex- 
planation, The ground seemed to be of equal hight oa both sides, nor can we 
conceive how their position could be of any advantage for defense, for they could 
be easily flanked. They may perhaps have been formed by thrusts of floe ice at some 
time when the level of the water covered the ridge, and yet this explanation 1s 
hardly satisfactory. This feature is illustrated in figure 1, plate J, and the adjoining 
sketch, figure 10. | 

The subsoil upon the surface of the beaches is gravelly and sandy. The slope 
toward the northwest is greater and usually more abrupt, but it is often quite abrupt 
toward the southeast. The ridge forms a natural dam to the waters finding their 
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Fic. I. PECULIAR CROSS-RIDGES ON THE BEACH ABOUT THE MIDDLE OF TOWNSHIP 160-44. 
THE HIGHT OF ONE IS SHOWN BY THE WAGON WHEELS WHICH ARE 


¢ Just Beyonp Ir. (p. 124.) 


Fic. 2. View NortuH, 46° WEST, FROM THE MOUTH OF THE CREEK ENTERING ITASCA 


LAKE FROM ELK LAKE. (p. 136.) 
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way down the slope to the northwest. As already stated, two gaps have been 
formed by the south branch of Two rivers and Badger creek. Very frequently, 
away from these gaps, there is a quagmire covered with coarse grass upon that side, 


and in T. 159-45 there are two Jakes with open water of considerable extent shading 


off into a grassy swamp on the east and south. If the Campbell beach rises regu- 


larly toward the east, as Mr. Upham has figured in his work on lake Agassiz, and in 
Bulletin No. 39, U.S. Geol. Survey, the end of the beach near Jadis should be about 
1,075 feet above the sea. This figure seems to correspond well with what is known 
of the surrounding country as reckoned from Lake of the Woods. 


Studies of the Jadis Beach 
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| FIG. 10. PECULIARITIES OF THE JADIS BEACH. 

The McCauleyville beach, it will be remembered, is found attending the Camp- 
bell beach southeast of Red Lake Falls but is separated from it at Ives station. It 
is found a few feet lower than the Campbell beach and a few rods from it where the 
latter appears on the east side of T. 156-46. It follows along side of it to the south 
line of T. 158-46, when it becomes obscured by the older delta of Tamarack river 
which is most prominently developed along the west side of that stream in the south 
central portion of the township. From the east side of sec. 9, T. 158-46, it turns 
north-northeast and approaches the Campbell beach again and attends it to the south 
line of section 12 of the township north. There it turns off to the north and north- 
west, forms quite an angle with Campbell beach and its further course is unknown. 
Another beach is noted consisting of three members, lying along the south side of 
Middle river on sec. 9, T. 156-46. This seems to have been considerably obscured by 
the delta deposits of Middle river, especially on the north side. The course has not 


10 
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been traced for several miles but it appears again quite well developed in T. 158-47, 
and has been traced four or five miles throngh the east tier of sections of that town- 
ship. It probably corresponds to the Blanchard beach, as it is called by Mr. Upham 
in his report on glacial lake Agassiz in Manitoba, p. 92. 

Bouldery stvips. Yhe inner sides of the beach rmdges are bounded generally by 
clay flats quite thickly strown with boulders, so much so as to interfere with tillage 
when dry enough to farm and for mowing when used as hay meadows. This feature 
is easily explained by the wash of waves and undertow when the adjacent beach was 
forming. In some places these boulders are so abundant as to suggest that floating 
ice may have helped in collecting them. — It will he observed that if icebergs were 
floating in the lake, they would strand in such a way as to drop their boulders in 
shallow water near the beach. As Mr. Upham observed, boulders are rarely found 
on the beach itself. This may be easily explained by the work of the waves steadily 
heaping up the pebbles and sand so as to cover boulders that were either left in 
the glacial till or had been dropped as just explained from floating ice when the 
water covered that point, sketch figure 10,7 shows the common relations. 

Clay flats. “Extensive areas inside and remote from the beaches are commonly 
covered with fine clay; this is the case about Stephen, and T understand generally 
toward the middle of Red river plain. Quiteextensive areas, just outside of the beaches, 
are also of this character. A description of the characteristic strueture of this clay de- 
posit is given in the report on Polk county. The accumulation must have gone on 
quite rapidly and to considerable depth in the deeper portions of lake Agassiz. In 
the Roseau valley a similar form was observed ina freshly dug well. A case was 
reported as follows: Near Roseau lake, eight feet below the surface, this laminated 
clay was struck, and was eight feet thick, then sand and pebbles prevailed for 
twenty-three feet, then the laminated clay which continued down 160 feet from the 
surface. At another pomt a well was dug 110 feet deep, all in this laminated clay, 
and from that depth the water rose to the surface. 

Alluvial deposits, These are not partiedlarly prominent in the region because 
the streams are not very vigorous, owing to the low and uniform surface of the 
country. These are found in limited extent along the principal streams, more par- 
ticularly along the Roseau and Red rivers. 

Under this head also may be included the ancient deltas of some of the streams 
formed at different stages in lake Agassiz. We have already referred to deltas in 
Middle river at the time of the Blanchard beach as well as of the Campbell, and to 
the deltas of the Tamarack at the time of the McCauleyville beach. Similar 
deposits are found around Pelan northeast of the gap in the beach, and on the east 


side of Roseau near Jadis. 
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The geological history of the area of these counties. This resembles in almost 
every respect that of the surrounding counties. With little doubt it was occupied 
by the sea in the early Paleozoic and in later Mesozoic time. It was covered with the 
continental ice-sheet in the early Quaternary and with the waters of lake Agassiz 
after its recession. The last portion to be covered with the ice was doubtless the 


northeastern corner of Roseau county, and the last part covered by the waters of 


lake Agassiz was the northwestern corner of Kittson. That there was a greater dip 


to the northeast when the streams first began to flow is suggested by the course of 
the Roseau river and by the old channel from the vicinity of Red Lake river to Mud 
At one time perhaps there was drainage from Thief river and Mud lake west 


lake. 
Differential elevation to the northeast subsequently 


into the head of Middle river. 
may have shifted the waters to the south into Thief river and Red Lake river. 


Of the beaches, as Mr. Upham has shown, the McCauleyville and those higher 
were formed when lake Agassiz emptied to the south and the later ones after its 


waters began to escape to the northeast. 
ECONOMIC FEATURES. 
This region is covered mostly with grass, and extensive and excellent hay 
meadows abound along the Great Northern railway in the western part. Much of 
the surface further east 1s covered with swamps in which the grass 1s scant, or which 


are covered with moss. Very little of pine land is found. Considerable is reported 


along the upper waters of the Roseau, much of which doubtless hes in the eastern 


and southeastern portions of the county. Little if any pine is found in Marshall 


county. Tamarack, spruce, and cedar are abundant in many of the swamps in the 
northeastern portion of Marshall and the southeastern part of Roseau. 

The portion particularly adapted for agriculture is the great valley of the Red 
river west and northwest of the Campbell beach, and the valley of the Roseau above 
From the vicinity of Jadis to the lake the surface lies 


and around Roseau lake. 
The valley is from two to ten miles 


beautifully for cultivation and is very fertile. 


in width. 
Wells. In the eastern portion of this region water is easily obtained near the 


surface, and deep wells are unknown. Reference has already been made to the deep 
Similar relations exist in the valley of the Red river, 
A number of flowing wells have been obtained 
Wells of this sort have been obtained at 
At Tamarack similar 
In 


wells in Roseau valley. 
northwest of the Campbell beach. 
by piercing lacustrine and drift clays. 
Argyle, in Marshall county, at the depth of 150 to 180 feet. 
wells are obtained by going 74 to 218 feet, and at Stephen 220 to 300 feet. 
kittson county, at Donaldson, wells are 45 feet deep; at Kennedy, 95 feet; Hal- 
lock, 179 feet; near Northcote, 30 feet, and at St. Vincent, 165 feet. All of these, 
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except that at Hallock, furnish abundance of water which is saline. The difference 
of depth of these wells is probably due to different sand strata of the drift clays. 
It seems not improbable that the supply of water in the drift strata may be partly 
obtained from the Cretaceous strata which furnish water to the deep wells in 
Dakota. 

The Humboldt salt well, The following is a section of the Humboldt salt well, 
which was bored near St. Vineent, in Nhittson county, in the south half of see. 39, 
T. 163-50, five miles east of the Red river, 4.5 miles from the international boundary. 
The altitude of the well is seven feet above the highest known flood stage of the 
river. It is particularly instructive concerning the oldest rocks underlying the 
region, and the thickness of the lacustrine and glacial clays. The following section 
is somewhat abridged from the thirteenth annual report of the survey. A map of 


the vicinity of the well may be found in the ninth annual report of the survey. 
Section of the Humboldt salt well. 


Thickness, Depth, 
feet. feet. 
(1) Subsoil 8 to 12 inches, black, - - - - - - 4 4 
(2) Lacustrine clay with lime concretions; it contains good surface water, 
and apparently varies in other places to a very fine sand, - 12 16 
(3) The same as the last but more impervious, hence is more moist, 
darker colored, - - - : - E ‘ 124 140 
(4) Pebbly blue till. Salt water at 165 feet in small quantity, - - 30 170 
(5) Drift gravel and sand supplying an abundant discharge of salt water 
flowing over the surface. This is mainly gray sand but contains 
drift pebbles as large as an inch, mainly of sandstone, 2 : 10 180 
(6) Buff dolomitic limestone of grain and texture like the Lower 
Maynesian limestone of southern Minnesota, - - - 120 300 
(7) Powder containing some small fragments of compact limestone of 
slightly reddish cast, - - - - - - 100 400 
(8) Fine reddish lime rock with some grains of white quartz, — - - 19 4715 
(9) Sand, rounded grains, reddish above and below but white for about 
30 feet in the middle. The flow in salt water inereased - : 71 546 
(10) Soapstone shale, slippery, red and green with some portions dark 
gray, contains white particles, - - . : 46 592 
(11) Greenish gray shale, s : : ; : . 46 638 


(12) Washed grains, consisting mainly of rounded quartz and freshly frac- 

tured, angular opaque gray quartz. Numerous scales and masses 

of mica. It appears as if it were a greenish-gray, foliated, mica- 

ceous quartz-schist, — - : : J Z : : 1 639 
(13) Washed drillings, consisting of angular quartz, black mica scales and 

angular grains of flesh-colored orthoclase and white feldspar, 

evidently one of the granites as seen at Lake of the Woods. Bor- 

ing ceased at 644 feet, - - : : : : : 5 644 


Following are Prof. Winchell’s comments on this well as published in the 


thirteenth annual report: 
The Humboldt salt well in Kittson county. 


It has been known for many years that copious salt springs existed in the valley of the Red river of the 
North. From their abundance several streams have been named, as Salt river, and “Riviére Salé.” Some of 
these springs are in Dakota, some in Minnesota, and others, probably the most numerous and copious, are 1D 
Manitoba. Some of the earliest French explorers, notably Sieur Du Luth, mentions the fact that the Indians 
exhibited salt which they said had been obtained in the vicinity of certain lakes in the western prairies, said to 
be fifteen or twenty days’ travel farther west. 

Prof. Henry Youle Hind, in his report on the Assiniboine and Saskatchewan exploring expedition, in 1859, 
has summarized the principal facts respecting these springs and the salt deposits of the valley of the Red river 
of the North. They had been made known in Dakota and Minnesota by Prof, Keating in 1823, who accompanied 
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major Long to the “Sources of the St. Peter’s river and lake Winnipeg.” At that early date $500 had 
been made by a single individual from the sale of salt manufactured in one summer near Pembina. The 
country was so permanently and extensively saline that the characteristic Salicornia herbacea was found grow- 
ing abundantly in its natural wild state, the only inland locality known west of the Onondaga salt springs, in 


New York.* In 1859 the manufacture of salt from springs in Manitoba was carried on profitably for the 


Hudson's Bay company, at Swan river and at Winnipegosis lake, the methods of manufacture being of the 


rudest kind. 
South of the international boundary several] deep wells have been sunk within a few years for the purpose 


of getting a supply of water for stock and farming purposes. Some of these have given an artesian overflow of brine. 
The first of this kind in Minnesota was sunk at St. Vincent, which is on the Red river of the North at the cross- 
ing of the international boundary. This well was 165 feet deep, and only penetrated the drift deposits, the 
greatest thickness being taken up with a fine lacustrine clay 112 feet in perpendicular thickness. Under this was 
found to be coarse gravel and sand which afforded a copious overflow of salt water. This water was not carefully 
analyzed, though Dr. Perley, at Fort Pembina, made tests sufficient to show it was a brine principally of chloride 
of sodium, but contained a considerable quantity of magnesium and calcium. 

Recently another well has been sunk on the Valentine farm, at Humboldt, about six miles southeast from 
St. Vincent, on the line of the St. Paul, Minneapolis & Manitoba railway. This also gives a strong salt water, 
which rises under natural hydrostatic pressure several feet above the ground. The water is clear, and effervesces 
slightly on exposure to the air and the removal of the pressure. 

The section penetrated by this well was the same as that at St. Vincent, but extends much deeper. The 
salt water was found to rise first from a bed of gravel and sand at a depth of 165 feet, but in small quantity. 
Between 170 feet and 180 feet, the flow of brine became very copious, rising from a coarse gravel and sand 
pertaining to the drift. The object of the well being to obtain water for the use of the farm, the drill was sunk 
deeper. It at once entered a dolomitic limestone. which was found to be 295 feet thick. This has a grain and 
color like that which is known as the St. Lawrence limestone in the Mississippi river bluffs. Beneath this was 
found a saccharoidal, siliceous sandstone of rounded grains of quartz, that still furnished a flow of salt water, 
which rose with still greater force. The drill then entered greenish and reddish shales, some of these being of 
a reddish-umber color. Fragments from the pumpings show this shale is slightly unctuous, gritless, and com- 
pactly impervious, resembling the red shale which has been penetrated in a number of deep wells in the state, 
and been found to have a great thickness; notably the well at Mankato in the Minnesota valley. While this 


shale, as shale, is impervious, it is interbedded with red sandstone, particularly in its upper portion, and from 
these beds of sandstone may rise an artesian flow of fresh water. At the time of my visit it had been entered 


but forty-six feet. 
Mr. C. F. Sidener, of the university of Minnesota, analyzed this brine, and has reported the following 


composition of the soluble mineral ingredients: 
Grains 
: per gallon. 

Silica, - - - - - . . - : - - - 12.15 
Aluminum oxide, : . - - S, - : : “ - 2.38 
Carbonate of iron, - : - . : - 1.08 
Calcium sulphate, - - - - - - - - - . 116.08 
Calcium chloride, - - - - . - - - - . - 156.55 
Magnesium sulphate, - - - . - - . . - - 71.12 
Magnesium carbonate, : : : : z 2 3 - . 78.60 
Magnesium chloride, - - - - - - - - - - 91.44 
Potassium chloride, - : - - - - : - - - 42.26 
Sodium chloride, : : - - : : : : : - 2,764.99 
: : 3,336.65 


Total mineral ingredients, - 

Of the mineral ingredients this gives 82.8 per cent. chloride of sodium, the rest being largely made up 
of the earthy chlorides of calcium and magnesium, and the sulphate of lime. This gives it more than the 
average per cent. of chloride of sodium found inthe Michigan brines, while the total solid matter in solution is 
only from one-third to one-half as much. 

There is an interesting question presented by these salt springs and deep wells of the Red river valley, 
viz.: From what formation does the brine issue primarily? Professor Hind inferred, from the great predominance 
of the salt springs over the rocks of the Devonian age, along the southwesterly side of lakes Winnipegosis and 
Manitoba, that the brine issues from the rocks of the Devonian. He rather discourages the expectation of 
Carboniferous strata in the region explored by him, saying that “it appears tolerably certain that the Carbon- 
iferous series is not represented in the only locality where it may be looked for with much chance of success.” 
Sir Roderick Murchison, however, in his address before the Royal Geographical society, on the results of the 
“Palliser expedition,” distinctly states that it is dctinitely settled that in the western portion of the Saskatch- 
ewan valley the Devonian rocks are overlain by Carboniferous strata. It seems reasonable to infer that these 
Carboniferous strata extend far enough southeasterly to occupy the unobserved interval of 400 feet of strata, 
stretched over a space of ten miles in breadth, “ between the salt springs south of Dauphin lake, and the out- 


eae bd soe to Prof. C. E. Bessey this plant is known on the salt marshes of Nebraska near Lincoln. (Letter Oct. 10, 1885.) 
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crop of the Cretaceous shales on the flanks of Riding mountain.”“* The gvpseous and salt-bearing formation of 
Michigan might occupy this interval, That the salt water issues from near the summit of the Devonian, if 
from the Devonian at all, is admitted by professor Hind. In order to issue thus along the summit of the 
Devonian outcrop, it must be confined in some superior basin. Professor Hind also brought home a specimen of 
Productus, which had been given him by a half breed, who had extracted it from “solid rock;” but he is 
disposed to discredit the authenticity of this reported “solid rock,” and to refer the fossil to some boulder 
transported from the south by floods and ice in the Red river, although Mr. Billings, who examined it, says 
that “there seems to be evidence of the existence of at least a portion of the Carboniferous system in this 
region.” The salt-bearing beds of the Carboniferous in the State of Michigan have since been brought to light, 
and they yield that State a very important source of wealth. Had this fact been known by professor Hind, it 
seems to me he would not so summarily have dismissed the idea of Carboniferous salt-bearing strata, and all 
other Carboniferous strata so plainly indicated by the single specimen of Productus, 

The horizon from which the brine issues at Humboldt appears to be in the Cambrian. It seems to per- 
vade several geological horizons, from the suminit of the Devonian downward to the Potsdam but only super- 
ticially, the original source being higher than the Devonian. It is contined by the overlying sheet of impervious 
clay of which the drift) mainly consists in the Red River valley, and is held) under hydrostatic pressure by the 
downward pressing fresh waters that enter the same pervious gravel and-sand stratum at higher levels toward 
the east, south, and west. Where the salt springs occur it finds escape to the surface through openings in the 
clay-sheet. These springs seem to be most frequent and copious in| Manitoba, along a belt of country running 
east and west, where, for some reason, the drift-sheet is much Jess thick than it is further south. That brine, 
so pure and so strong, should be found at so great a distance, both stratigraphically and geographically, from its 
source, indicates the purity and strength of the brine in its native strata. 

It remains for the future to determine whether these salt deposits shall become economically of import- 
ance to the Northwest. It is certainly the dictate of wisdom to give them a thorough examination and a fair 
trial. If these brines originate in Carboniferous strata that strike through the base of Riding mountain, they can 
easily be discovered in their native place. If those strata exist in that locality the strongest brine would naturally 
be found by sinking wells into them at some point further toward the south and southwest. 

A sample of salt made from this well was exhibited at the New Orleans Industrial and Cotton Centennial 
exposition, this being the first ever made from brine native to the State of Minnesota. It was furnished by 


Mr. Valentine. 


*Reports of Progress, together with a preliminary and general report on the Assiniboine and Saskatchewan exploring 
expedition. Original edition, quarto, p. lio. -HENKY YOULE HINb. 
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CHAPTER VII. 


THE GEOLOGY OF BELTRAMI COUNTY, 


By J. E. TODD. 


This is the next to the largest county in the state (plate 64), 


Situation and area. 
It was named 


is unorganized and hes mostly in the Red Lake Indian reservation, 
after count Beltrami, who visited it in 1823. According to the estimates of the first 


volume of the final report, this county has an area of 6,007.12 square miles, of which 


1,037.6 are water. 
Its hmit upon the north is the international boundary, which it should be 


remembered has a northern extension on the west side of Lake of the Woods, so as 


to include what is called the “northwest angle.” On the east its boundary is the 


north and south line between the township ranges 29 and 30, which separates it from 
Itasca county. Its southern boundary is the Mississippi river, which separates it from 
Cass county and the line separating tiers 142 and 143, which separates it from Becker 


county, and its western boundary the line between ranges 38 and 39, which separates 


it from Norman, Polk, Marshall, and Roseau counties. 


Our knowledge of the county is far from complete. It is derived from the reports of early travelers 
like Beltrami, who called attention to some of the peculiar geographical features of the region and published his 


results in French at New Orleans in 1824, some time before the official report of major Long's expedition with 
which he was for some time connected; from Schoolcraft and Nicollet; from the notes of lumbermen and land 
surveyors; the recent study of Mr. Upham, the report of which its subjoined; the survey of the Duluth and 
Winnipeg railway made in 1890; and also of the Fosston branch of the Great Northern; and the results of several 
trips made by the writer, viz: From lake Itasca by Spain’s to lake Bemidji, and thence to Red lake by way of 
Bagley’s dam; also from the latter point to Fosston; from the northeast corner of the north Red lake around the 
east shore to the agency and thence along the trail followed by Beltrami down Turtle river to Cass lake and up 
the Mississippi to lake Bemidji; alsoa trip from Thief River falls to Rainy river, five miles above its mouth and 
at different times from Jadis along the south shore of Lake of the Woods to the Rainy river and up that stream 


to the mouth of the Bowstring or Big Fork river. 


SURFACE FEATURES. 


General topography. It may be divided into two quite distinct portions: one 


of them being quite even and level and formerly a portion of the bed of lake A YasslZ; 
the other more elevated, much rougher, cut by streams and traversed by moraines, 
The line dividing these two portions crosses the county from east to west three to 
ten miles south of Red lake or approximately along the tier of townships 150. The 


highest part of the county is probably a little south of lake Itasca, where the altitude 


132 THE GEOLOGY OF MINNESOTA. 
(General topography. Drainage. 


is estimated to be over 1,750 feet. The altitude of the southern rougher region lies 
between that and 1,250, the approximate level of the highest beach of lake Agassiz. 
Contrary to general report and representation on maps, instead of there being 
a ridge marking the watershed between the Mississippi and the basin of Red lake and 
Red river, the surface is nearly level and has an altitude of about 1,400 feet. The 
slope from this level to that of the region north is marked by two or three tolerably 
distinct terraces. The fuller discussion of this region will naturally be given when 
we speak of its moraines. 
The northern and lower division, or the rest of the county, is largely occupied 
by swamps of different character, viz.: those covered with tamarack, cedar, spruce, 
moss, or grass. The elevation of this region slopes from 1,250 on the south to about 
1,050 on the north. There is an exceptionally elevated area whose extent is not 
determined which in places rises to 1,250 to 1,800 feet. This occupies the region of 
perhaps 200 square miles about the headwaters of Roseau river south of the south- 
west portion of Lake of the Woods, From the fact that it was surrounded with 
beaches and probably was in part above the surface of lake Agassiz after the reces- 
sion of the ice-sheet, it has been named by Mr. Upham, Beltrami island. The 


section is shown in figure 11. 


Profile from N.Weorner of Tp. 145. 31 along the line A-B to Zipples on Lake of the Woods 


FIG. 11. 


Drainage. The most extensive basin of the county is that draining into Red 
lake, the principal streams of which will be found described by Mr. Upham in his 
report subjoined. The basin occupies nearly one-third of the county. South of this 
is that of the Mississippi, whose main features have already been described in con- 
nection with Cass county, but a few notes upon its northern tributaries may be added. 


The first tributary from the west is a smal) stream draining from two channel-like lakes in the southwest 
part of T. 144-36. These have not been visited, but from their position and shape are considered part of an old 
drainage channel connecting the Mississippi with the south branch of the Wild Rice river. The next is Moose 
creek, a small stream draining the south half of T. 145-36. The next tributary of the Mississippi enters from 
Manomin lake which occupies most of sec. 24, T. 146-35. It receives on its northern side two important streams 
(or rather, one formed by the junction of two, shortly before entering the lake): one from the west, the Little 
Mississippi or Piniddiwin. This has two branches, one rising in the northern part in T. 147-36 and the other ip 
the northwest corner of the township immediately south. Both these tributaries are connected by swamps 
with short branches of the Clearwater, the main stream being not more than four miles distant. In T. 146-29, 
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this is about three feet wide with a valley fifty to seventy-tive feet below the upland. The other tributary, Grant 
creek, approaches Manomin lake from the northeast. It rises in sec. 4, T. 147-35, within three miles of the 
Clearwater, flows southeast to the middle of the south line of T. 137 34, then turns southwest to its junction with 
the Little Mississippi just before it enters the lake. This stream has quite a shallow trough not more than ten 
or fifteen feet below the general leve), « From this point the Mississippi receives another tributary from the north 
before it reaches Cass lake. 

At the north end of that lake the waters of the Turtle river enter. This is an important stream which 
has a remarkable course and was counted by count Beltrami as the main branch or source of the Mississippt. 
Its extreme head is in the southwest corner of T. 149-34, closely connecting with the head of Sandy river, which 
flows northwest into Red lake. From this starting point Turtle river flows east-northeast to the west side of 
West Turtle lake, or Lac du Mort, which occupies the most of sec. 17, T. 148-33. In making this course it 
traverses three lakes, each one more than a mile in length, and the east one of these, in the middle of the east 
side of T. 148-34, connects with a chain of lakes coming from the west-southwest. At the north end of West 
Turtle lake (figure 1, plate L) there was formerly a trading-post which was on the line of travel from Cass lake 
to Red lake, and it was along this trail that Beltrami came. The north end of this lake is connected by the 
channel-like valley with the head of Mud river, or, as it is sometimes called, Red Lake river, as Beltrami considered 
this stream the most important tributary of the Red Lake river, and therefore the head-water of the Red Lake 
river. In this channel lies lake Julia, so named by Beltrami after a lady friend of his. (Figure 2, plate L.) 
The north end of the lake, and the channel before mentioned, are depressions sixty or seventy-five feet below 
the average level of the country surrounding.* The Turtle river enters this lake, as is shown in figure 1, plate 
M, on the west side, near the south end, and leaves it directly east in the northeasterly direction, and shortly 
enters East Turtle lake, which is about five miles in length and one mile and a half in breadth in the broader 
portion. The length of the lake is north and south. The stream leaves it near its southern end toward the 
northeast, and after traversing for a few rods the west end of Gnat lake, which is about two miles in length, 
and from the,east end of which is a portage one mile and a half to Turtle River lake, it passes north and traverses 
the lake north of Gnat lake, about two miles in length, turns east, then southeast and enters the west end of 
Turtle River lake near the before mentioned portage. This portion of its course is narrow, stony and much 
broken with rapids. Turtle River lake is about four miles in length, of irregular form, connected with elongated 
bays, lies mostly in the northeast corner of T. 147-32. From the east end of this lake the river takes a north- 
east course to a small lake in the northeast corner of sec. 25, T. 147-31, thence by a southward course of two 
miles enters Ketihi lake, and then by a narrow lake-like channel, about a mile in length, it reaches the middle 
of the north side of Cass lake. This stream receives several quite important tributaries from the north. One enters 
the north side of Turtle River lake in the northeast corner of sec. 3, T. 147-32, This drains the swamps and 
lakes to the north, its head being in section 17 of the township north. Another tributary Joins the river in 
sec. 32, T. 148 31, which rises in a lake in the northwest corner of the same township. The largest tributary 
rises near the centre of T. 149 30, and after a very crooked course it traverses a crooked lake about three miles 
in length in the west half of the township south, turns west nearly to the centre of the next township west, 
then southeast and south to the northwest end of Pimush lake. This lake is about six miles in length, narrow 
and somewhat crooked. The river leaves it in the northeast corner of T. 147-31, and Joins the Turtle river in 
the west half of section 23 of the same township. These lakes are attended with extensive swamps, and the 
country surrounding is generally low, except where traversed by moraines which are located in a subsequent 
section. i 

The extreme southwest township of the county drains into Otter Tail river, which is the head of the Red 
river of the North. This rises in section 4 of the township and flows south, leaves it in section 31. The T. 143-37 
with small portions of the adjoining townships, does not drain into any stream. Another small portion north of 
the last mentioned lies in the basin of Wild Rice river. This rises in Upper Rice lake, which is a round lake 
about one mile and a half in diameter and mostly in the northwest corner of T. 145-36. The strea.a flows south- 
west to Lower Rice lake, receiving the tributary from the southeast near the centre of T. 145-37. Lower Rice 
lake is about three miles in length, extending north and south from secs. 15 and 35, T. 145-38. Both these 
lakes gain their names from the abundance of wild rice which grows in their shallow waters. Another tributary 
some six miles in length enters from the main stream, runs west-northwest and leaves the county in the northwest 
corner of the township 

The Clearwater is an important stream which rises in the northwest corner of T. 146 36, turns north for 
a couple of miles, then due east about seven miles, east-northeast tifteen miles, which brings it to Bagley dam in 
the southeast corner of T. 148-35, turns with a sharp bend, and tlows nearly due north about eight miles to 
Clearwater lake, which is about three milesin length. From that point it flows northwest in quite direct course 
to the northwest corner of T, 151. 38, where it leaves the county. Its valley above Bagley dam is quite shallow, but 


ts, *Dr. Norwood gives the following description of the portion of the trail as it crosses the watershed. See Owen's report, 
52, p. 325. 

“The portage from Lac des Morts is eleven hundred and forty paces long and leads to Hill lake ake Julia), the waters of 
which flow into Red lake. The highest point of the portage path was estimated to be fifty-two feet above the level of Lac des 
Morts, and the highest ground, seen on the east of the portage, was not over twenty feet higher. To the left of the portage isa 
small pond connecting with Lac des Morts, and between this and Hill lake is a low swamp, through which the waters flowing 
north and south of the dividing ridge must connect in times of high water. The dividing ridge is timbered with oak, ash, aspen, 
birch, soft maple, bass-wood, and elm.” 

After going over the same ground I endorse the statements, with the single exception that the highest point in the con- 
necting channel is twelve or fifteen feet at least above Jake Julia and the beautiful circular pond, which for convenience I have 
called Gem lake. According to the barometer there are points eighty to ninety feet above the lakes a few miles east. 


134 THE GEOLOGY OF MINNESOTA. 
(Rainy river and its tributaries. 


at that point it has reached the depth of forty feet or more and from there to Clearwater lake runs ina narrow 
gorge with rapid descent from 50 to 125 feet in depth. Its course below Clearwater lake has quite high banks 
until it passes from the hill country to the swamps in the southern portion of T. 150 37. From that point it 
makes its way with low banks through swampy ground. About the midddle of T. 150-37 it receives a tributary 
from the south which rises in the southern portion of T. 148 37. 

Lost river rises inthe southern part of see. 34, 'T. 150 38, flows northwest to the northwest corner of the 
township, then gradually turns to the northeast, traverses a broad ridge about two miles in length, continues 
with the same course to sec. 3, T. 149 38.) It receives another branch about twelve miles in length in the west 
half of T. 148 37, then turns northwest, into the N. W. 14 of T. 150. 37, where it loses its identity in a broad marsh, 
From this fact it gains its name. 

Rainy river and its tributaries, Rainy river is the largest river connected with Minnesota. It touches 
this county in the northwest corner and describes a quite regular curve from that point to where it enters the 
Lake of the Woods. It ts a deep, rapid stream with an average width of about one-fourth of a mile. Its banks 
are rarely over twenty feet in hight. and covered on either side by alluvial land thickly covered with deciduous 
timber, consisting of elm, oak, poplar, and cottonwood, with occasionally groves of white and red pines. From 
the south it receives numerous tributaries, which usually appear wide and sluggish and often give a wrong im- 
pression of their real importance. Some of them may be less than two miles in length, while others no greater 
at the mouth may be twenty times as long. 

The first stream of importance which enters Rainy river from this county is Rapid river. It was named 
probably from the picturesque fall or rapid just above its mouth. At this point the river makes a plunge of 
twenty to twenty-five feet over a ledge of black siliceous slate; above this point it is sluggish and there may be 
places more than twenty or twenty-tive feet in width. It is said to receive a tributary of some size from the east 
a little way above the falls. It rises in the swamp north of Red lake and is crossed by the “ Winter Road ” trail 
ten or twelye miles north of the mouth of the Two rivers which flow into that lake. At that point it is said to 
be twenty-five or thirty feet in width. The survey of the Duluth and Winnipeg railroad, which runs direct from 
the northeast corner of Red lake to the southwest corner of-Lake of the Woods, crosses the stream about twenty 
miles from the former lake. Its channel has a depth of about twelve feet below the marsh on either side. Its 
course is quite direct northeast. The next river is Baudet to Pine river. This is crossed by the before mentioned 
survey about six miles from Rapid river and appears to flow nearly parallel with it. Its source probably lies 
about twelve or fifteen miles west of that point where waterin the swamp was found by us gradually flowing 
to the east. A little east of the railroad crossing it receives a branch from the northwest known as Swamp creek, 
which rises probably in the large muskeg and lake about twelve miles a little north of west. It is not certain 
that such js the fact. A muskeg extending about five or six miles northwest and southeast was found in the 
locality indicated, and north of it a small open lake surrounded by timbered banks but few feet in hight which 
was named O'Brien lake, From conversation with hunters the opinion was expressed by some that this lake 
was at the head of the main branch of the Roseau river and we crossed east of its mouth, noting an outlet or 
movement of the water in the swamp. However, as the land to the north is generally high and a pine ridge is 
north and west of it, it seems altogether reasonable to suppose that Swamp creek drains this ridge and swamp. 
This river is also called by the Indians Big river. It enters Rainy river about thirteen miles above its mouth. 

Between the mouth of this stream and that of the Winter Road river we noted three or four narrow inlets 
or streams coming from the south. According to reports of the Indians the Winter Road river flows nearly 
parallel with the Baudet. This receives a branch from the west about six miles above its mouth, which was 
crossed in our course to Rainy river ten or twelve miles before striking that stream. This stream gains its name 
from the fact that it is the starting point for the winter trail from the Rainy river to Red lake. Because there is 
a saw mill opposite its mouth, it is sometimes called Saw Mill river. West of this are two or three small streams, 
the first of which is called Pepper river or McCauley river. One tive or six miles in length entering Rainy river 
about tive miles above its mouth we have named Hovland creck. Rainy river, as will be seen from the map, 
enters a narrow bay separated from the main lake by a narrow peninsula and narrow island into the headwaters 
of this bay. This bay is called Four Mile bay. Into this bay comes a small stream called Four Mile Bay creek, 
which rises on higher ground several miles south. At Zipple’s fishery on the south shore of Lake of the Woods 
a creek of considerable size Known as Sand creek enters the lake. It rises fifteen or twenty miles southwest and 
where crossed by the railroad survey is about 130 feet above the lake and has a valley about six feet in depth. 

War Road river enters the southwest extremity of Lake of the Woods. It rises in the northern part of the 
highland region. To the south it probably has a length of twelve miles. Where it enters the lake it is a sluggish 
stream forty to fifty feet wide with swampy banks in places. 

The western side of the region known as Beltrami island is drained by three or four branches of the Roseau 
river. Their sources have not been determined. The longest branch probably rises near the head of Baudet river, 
on or near T. 157-36, where we found water moving in a swamp toward the northwest. Information was fur- 
nished by hunters who had visited that region to the effect that this branch of the Roseau started from a 
small lake connected with the large swamp. 

Besides these streams it should be remembered that a small area of the country is drained by the head- 
waters of the Moose river and the Mud river into the Thief river. 

That portion of Lake of the Woods lying within our territory comprises the main part of the more open 
portion called sometimes Sand Hill lake after the dunes which mark the mouth of Rainy river. As Dr. Lawson 
well remarks: “The northern portion has an excessively irregular, rocky coastline, and its whole expanse is thickly 
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studded with islands, varying in size from mere rocky islets to masses of land many miles in extent. “The 
southern portion presents the contrasting character of a broad sheet of shallow water, almost totally free from 
islands, contained by low, sandy or marshy shores of gently sinuous outline, in which rock exposures are extremely 
few, the whole in remarkable opposition to the jagyed clitfs and tortuous island-blocked channels of the north- 
ern portion, 

“The line of demarkation between these two naturally distinct portions of the lake is nearly coincident 
with the international] boundary line from the ‘northwest angle’ to the mouth of Rainy river, were that line to 
bend round so as to pass the southern extremity of Bigsby island and strike the main shore south of Little Grassy 
river, it would separate as nearly as possible the two portions of the lake thus characterized. 

“The northern portion of the lake occupies a short, broad belt of green schistose Archean rocks which 
have hitherto been referred to the Huronian. The southern portion appears to be wholly in a basin of Lauren- 
tian gneiss, the flanks of which pass beneath the drift on the Minnesota shores to the south and west.” 

Mr. Wm. Zipple, who has had many years’ experience in the fisheries, informed me that the lake was about 
thirty-five feet deep in the widest portion, but 150 feet toward Rat Portage. 

It may not be out of place to supplement Mr. Upham's notes on the Red lake streams with a few additional 
facts. The largest stream flowing into Red lake is that known as Black Duck, which enters South lake near its 
eastern end. Mr. J. C. O'Brien informs me that in the freezing of the lake the water remains open longest from 
the mouth of this stream to the outlet of Red Lake river, which would seem to indicate the bed déepest along that 
line. This stream drains a fertile region. It rises in Black Duck lake, which occupies about tive square miles 
in the northern part of T. 149-31. It is spoken of as a beautiful lake with high banks, especially on the southern 
side. Southwest of it four or five miles is another lake called Gull lake. 


The source of the Mississippi. t has been the occasion of considerable recent 
discussion to determine the true source of this river. It is more a question of 
geographical definition and individual curiosity than of practical importance. The 
survey of Hon. J. V. Brower, under the auspices of the Minnesota Historical Society 
(published as vol. vii of the collections of that society), satisfactorily closed the discus- 
sion, reaching the conclusion that, while Itasca lake may he accepted as the source 
of the Mississippi, there are several other small streams which flow into that lake, 
and if the highest source be sought, above Itasca lake, that honor would fall to 


Nicollet creek, which rises several miles south of Itasca lake. 


This controversy has more recently been reviewed by Prof. E. Levasseur in vol. viii, Minnesota Historical 
Collections, with the same result, and finally, after a republication by Glazier of his claims in favor of Excelsior 
creek and Elk lake, a critical summary history and examination have been given by Prof. Winchell (Minn. Hist. 
Coll. viii, 226, 1896), who concludes as follows: 

“The question may be relieved of all side issues and narrowed down to two propositions: 1. Which is the 
larger and longer valley? 2. Who discovered these valleys and water courses?” 

It is a singular fact, as appears from the representations of Glazier, that Elk lake was not seen either by 
Schoolcraft or by Nicollet, although they were both in pursuit of the source of the Mississippi under the guid- 
ance of the Indians, a fact which indicates the estimate put by the Indians on the relative importance of these 
streams. The actual measurement of these streams has been made at their mouths by several persons. The 
Nicollet stream, which is the continuation of the main yalley of Itasca lake to the southwest, according to 
Glazier has a width of ten feet and a depth of two and ahalf feet. The Elk Lake stream has a width, by the same 
authority, of seven feet and a depth of three feet. The channels are, therefore, in point of capacity, as the numbers 
2) to 21. If the velocity of the streams be considéred the same, the Nicollet creek would carry nearly 20 per 
cent. more water than the Elk Lake stream. But, according to the descriptions, the Nicollet creek is more 
rapid thanthe Elk Lake creek, and may be estimated to carry twice as much water as the Elk Lake stream. 

In point of view of the length of the two valleys, or more correctly, of the two streams, Nicollet and 
Brower trace Nicollet creek to a distance of several miles above Itasca lake, but Glazier allows this stream 
only a length of a mile and three-cighths. The valley which is drained by Excelsior creek, the chief tributary 
of Elk lake, Mr. Glazier followed a distance of 14,106 feet beyond Itasca lake. From these data he decides 
that the length of “running water” is much greater in the Elk Lake valley. There are, however, several facts 
bearing on the length of Nicollet creek which Mr. Glazier does not mention. He traces it up to a great spring. 
He is willing to suppose that a stream whose depth is two and a half feet, with a width of ten feet, may have 
its gathering area all embraced within a mile and three-eighths of its debouchure. Had an explorer, intent 
on finding the source of a stream, found it issuing apparently from the ground with such a volume, his own 
judgment would have driven him to search further up the valley,as did Nicollet, Clarke, and Brower. He would 
there have found the same stream reappearing and again disappearing, sometimes in lakes or in marshes, 
lost to sight as running water, like a “bashful maiden,” as described by Nicollet, finally plunging mid a screen 
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of vegetable debris, bogs, peat, and floating drift wood, much overgrown with small trees, only to come to the 
light of day again at the ° yreat spring,” 7,307 feet from lake Itasca. 

The length of this water course, thus included, is considerably more than the farthest traceable limit of 
Excelsior creek. Tt may not be in lake Hernando de Soto, as supposed by Brower, that the highest actual water 
of Nicollet creek can be identitied, but it is certainly several thousand feet above the point adopted by Mr. 
(ilazier. In northern Minnesota, where vegetation 1s rank, and the materials in which it grows are loose, like 
the sandy subsoils about Itasca lake, it is no wneommon occurrence to tind small streams blocked by such 
obstructions. They spread out, disappear in marshes, plunge under floating bogs, or driftwood, and issue at 
lower levels. The St. Louis river, the principal stream entering at the head of lake Superior, was permanently 
invisible for the distance of nearly a mile, near Cloquet, until within a few years. It flowed under a mass of 
floating driftwood on which grew small birches and aspens. Lumbermen finally cut the driftwood away for the 
purpose of floating logs to lower points. The celebrated raft of the Red river, in Arkansas, is a parallel case. 
The principle is the same as with the obstructions to Nicollet creek. Such interruptions of “running water” 
are not limitations of the valleys nor of the streams that drain them. They are non-essential accidents, and can 
not be considered as having any important bearing on the true size and length of Nicollet creek. 

This important Omission of an essential fact in the investigation conducted by Glazier seems to be fatal 
to the claims of Elk lake and Excelsior creek. 

We next ask: who disvovered Elk Jake, which has now been named “Glazier lake” by the recent travelers? 
It was thought at one time that Julius Chambers entered it in 1872, but Mr. Glazier shows that his description 
applies rather to one of the lakes of the Nicollet valley. Mr. Glazier found it in 1881. He hastily promulgated it as 
anew discovery, announcing this at various points on his way to the mouth of the Mississippi. In 1875, however, 
this region had been surveyed by the officers of the United States land survey under Gen. James H. Baker. This 
lake was platted and reported in the regular manner, to the government at Washington, under the name which 
it seems to have borne among the Indians and early explorers, Elk lake. As such it has gone into the official 
records. The Minnesota Historical Society has approved this nomenclature, and finally the Minnesota Legisla- 
ture has passed a law declaring that in the public schools of the state no geography shall be used by the pupils 
which gives this lake any other name. The fact of the earlier naming of this lake is not disputed by Glazier. 
He claims priority on the ground that the business of the land surveyors was not to discover the source of the 
Mississippi, that they did not trace out its feeders and that they did not make wide publication of their discovery. 
If these be considered fatal defects in the governmental discovery of this lake, it is probable that there will be no 
objection to admitting the priority of Cilazier. 

When a careful and dispassionate examination is made of the essential facts, as now known, the conclusion 
is forced that Mr. Glazier fails to substantiate bis claim. A hasty examination of his last work, without a full 
knowledge of the facts brought out by the Minnesota Historical Society's survey, would lead to the favorable 
consideration of his claim, since he evades the adverse facts, and dwells on the repeated assertions of his friends 
and followers, and on the favorable showing which he is able to make in respect to the lake which he found in 
1881. History and geography cannot be promoted by such partial and interested advocacy. 

If Itasca be not allowed to stand as the source of the Mississippi, the competition lies between Nicollet 
and Excelsior creeks, and the former has the greater length and volume. If it is necessary to choose another 
lake asits source, then some of the upper lakes of the Nicollet valley must be accepted. If finally it be necessary 
to accept Elk lake, that lake was first discovered and mapped by the United States surveyors in 1875. Mr. 
Ciazier'’s claims, in every respect and in any case, are thus annulled, on the basis of facts which if he does not 
himself publish he does not call in question. 

Figures 2, plate J, and 1, plate K, show the relative size of these two streams, and figure 2, plate K, gives 


a view of Elk lake. 
ELEVATIONS, 


The following tables of elevations are mostly railroad levels. A few are barometric and such are indicated. 
The survey of the Great Northern railway from Fosston to Leech lake is taken from Bulletin 72, U.S. Geol. Survey. 


Great Northern ratlway--Fosston to Leech lake. 


Miles from Feet above 

Carman. the sea. 
Sumit, near the east line of sec. 35, T. 147-39, ‘ : : : Best 1,545 
Lakes, three-fourths mile east and southeast from the last, , : 54.2 1,485 
Head stream of Clearwater river, bed, mud to depth of ten feet, — - ; 56.1 1,439 
Creek tributary to Wild Rice lake, bed, 1,466; bottom land, 1,469, : 61.8 1,166 
Mississippi on sec. 8, T. 145 35 (about thirty feet wide), bed, 1,371; water, 

1,373, bottom land twenty-five or thirty rods wide, 1,376; proposed grade, V7.1 1,400) 

Leech lake water, raised by dam, : : . : ; - 121.2 1,297 


Duluth & Winnipeg railroad, 
From profiles of the chief engineer noted and furnished by Mr. Warren Upham. The following is an 


abridgement of the notes as furnished : 
| Miles from Feet above 


; : ; Duluth. the sea. 
Outlet of Cut Foot Sioux lake, water, level with lake Winnibigoshish, 
1,292; grade, - - - : : : i : 125.4 1,299 


Summit, cutting nine feet; grade, - - : 3 : - 128,0 1,314 
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Rlevationa.} 
Miles from Feet above 
Duluth. the sea. 
Pigeon river, bed, 1,301: grade (not at bridge), - - - - 130.0 1,310 
Pigeon river, bed, 1,306; water, 1,308; grade, - - . - 130.9 1,313 
Summit, natural surface and grade, - Se. x : 134.4 1,350 
Summit, cutting nearly twenty feet; grade, : : : : 150.7 1,442 
Shotley creek, tirst crossing, bed, 1,303; water, 1,304; grade, : = 162.4 1 324 
Shotley creek, third crossing, bed, 1,300; water, 1,301; grade, - : 162.7 1,318 
Tamarack river, bed (sand) 1,165; water level with Red lake, 1,172: grade, 175.5 1,179 
From the distance of 178 miles (yrade, 1,179) forward along the next 
eighteen miles to the Moose river is a continuous swamp, “ tamarack and 
spruce swamp,” its northeastern border being the northeast shore of the 
northern part of Red lake. The depth of the swamp mud ranges from 
tive to fifteen feet, being mostly from seven to ten feet. In many places 
the hard bottom is noted as gravel and sand. The proposed railroad grade 
is 1.5 to 2.5 feet above the swamp surface. 
Summit in this swamp, grade, - - - - - - 184.7 1,195 
Moose river, bottom of mud here six feet lower than bottom of mud 
100 feet distant on each side, 1,162; water, 1,164; grade, " 196.7 1,172 
Rapid river, bed 1,155; top of banks and land on each side, 1,161 to 1 163: 
grade, - - - - - - 197.6 1,167 
Hard ground extends between Nicos rr Rapid rivers, and to 198.1 
miles, succeeded by spruce and tamarack swamp, thence to 202.7 miles, - 
with mud six to nine feet deep, the grade line being 1.5 to 2.5 feet above the 
swamp. 
Summit, hard bottom, 1,166 to 1,168; swamp surface, 1,175; grade, - 200.7 1,177 
Baudette river, bed, 1,158; water, 1,160: grade, - : : - 203.1 1,170 
Swamp creek, bed, 1,175; grade, - - . - : 205.2 1,181 
“Tamarack, spruce and cedar swamp,” pexciGs from 204.6 to 208.8 
miles, excepting a beach ridge of lake Agassiz at 206.9 miles, with crest 
at 1,219 feet, being five feet above the swamp on the southeast side, and 
one foot above it on the northwest side. 
Northwest limit of this swamp, surface, 2 és é : - 208.8 1,250 
Sand and gravel knoils, 10 to 15 feet above the depressions, crests at - 209.4 210.1 = 1,270-1,283 
A smooth surface of gravel and sand extends thence to summit, natural 
surface and grade, - - - - - - - 211.8 1,283 


Smooth and slivhtly undulating sand and gravel reaches onward to edge 

of swamp (1,234 feet) at 217.2 miles; and thence the swamp, with mud 

5 to 12 feet deep, to gravel and sand bottom, reaches to 222.8 miles, 

there having an altitude of 1,224 feet. 

Summit, cutting 5 feet, probably in sand: grade, - - - 223 1,231 
Eroded shore line of lake Agassiz, crest of escarpment, 1,224; base of 

the same, nearly at the former highest (1) level of lake, 1,215; distance, 


224.1 miles. 

Winter Road river, bed, 1,194; banks, 1,198 to 1,200; ae - - 224.8 1,205 
Summit, cutting, 3 feet; grade, - - - 225.5 1,207 
Bear creek, bed, 1,189; grade, - a : . a . - 226.5 1,196 
Sand creck, bed, 1,172; grade, - : - 227.2 1,186 


A slightly undulating surface of bevel and said sith frequent small 
and shallow swamps (mud 5 or rarely 10 feet deep), extends from Bear 
creek onward to 237.5 miles, whtre grade is 1,080 feet. 

In this distance of 11 miles the following beaches, representing ten 
stages (2-11) of lake Agassiz, are crossed, having altitudes of crests as 
noted: At 226.9 miles, crest (2), 1,196; at 229.6 (3), 1,172; at 230.3 (3a),1,169; 
at 230.5 (3b), 1,168; at 231.3 (4), 1,156; at 233 (5), 1,143; at 233.6 (6), 1.127; at 
233.8 (6a), 1,124; at 234.6 (7), 1,116: at 235.2 (8), 1,106; at 235.7 (9), 1,099; at 
236.5--236.7 (10), 1,094-1,093; at 237.2 (11), 1,087. 

Beyond the last a smooth surface of sand, with no beaches, extends to 
War Road river, bed (of gravel), 1,036; bed (of mud at bottom of water), 
1,045; water level with Lake of the Woods, 1,057; grade even with the 


general surface on each side, - - - - - - 230.8 1,070 
Swamp, 3 to 6 feet of mud, with clay bed; surface of swamp, - 240.0-240.9 1,070 -1,074 
Moderately undulating sand extends thence to end of this profile; grade, 241.7 1,079 


This is about 9 miles short of the international boundary (250 miles) in 
the northwest course of the survey. The line of survey is very nearly a 
straight line from the shore of Red lake to the most southwest point of 
the shore of the Lake of the Woods. 
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Commissioner Brower gives the altitude of the following points among others: 


Feet. 
Itasca lake, — - . - . : : : : : : : : 1,457 
olk lake, - - - - = 5 z = n . " 7 1,458 
Nicollet’s Middle lake, : . s : : : : : : 1,46] 
Nicollet’s springs, — - - : : : : : : : : : 1,476 
Nicollet’s Upper lake, - - 2 : : : F . 1,496 


Whipple lake, - - - : - . - . - 1,551 
Summit of the “Hauteur a Terre, ‘ : - : - - - 1,750 
The elevations along the line of Mary creek, which enters the east arm of Tica lake, and which may 


be considered by some as a rival of Nicollet and Excelsior creeks, are: 
Feet. 


- - 1,488 


Mary lake, - - . : : : : : 
1513 


Danger lake, - - : : : , : : 


GEOLOGIC FEATURES, 


In this county we have the usual glacial drift and lacustrine deposits, besides 
important exposures of the underlying rocks. 

The older formations, These belong, as far as we have examined, to the Eozoic 
time, and since the exposures are not extensive, we will simply enumerate the 
localities with brief notes on the macroscopic characters of the rocks. They are none 
of them more recent than the Huronian. 

The northicest angle. Although we have not visited the “northwest angle,” we 
make use of valuable information furnished by the report of Mr. G. M. Dawson, on 
the “Geology and lLesources of the Region in the Vieinity in the Forty-ninth 
Parallel,” [S@, also by Dr. Rh. Bell in his report of the country between lake Superior 
and lake Winnipeg, Geological Survey of Canada, 1872-73. Of these we have access 
only to short abstracts, given by Dr. A.C. Lawson in his report on the geology of 
Lake of the Woods region, 1SS5, and by professor C. R. Van Hise’s correlation paper 
on the “Archean and Algonkian,” 1892, Bulletin No. $6, U.S. Geol. Survey. From 
these we learn that the bed rock is largely granite, assuming “a more basic ehar- 
acter and a darker aspect, becoming blackish, gneissic dioryte and gray syemtic 
dioryte.” The whole area is probably composed of these rocks, thinly overlain by 
glacial and lacustrine deposits. 

Buffalo point is probably also tipped with crystalline rocks. This is easily 
inferred from its resemblance in form to the neighboring rocky points, because it 
lies in line with the Junction of the granite and gabbro exposed on Rocky point, 
mentioned in a succeeding paragraph, 

Cormorant island, This is a bare rock rising about fifteen feet above the level 
of the lake, nearly due north of Rocky point, and nearly due west of Long point. 
It is composed of dark “gabbro,” probably the same called syenitic dioryte above, 
abounding in magnetic grains. These were so numerous that no reliance could be 
placed on the compass. The needle swung all around the circle in going a few feet, 
even if held three or four feet above the surface of the rock. A hand specimen of 
it would hold a magnetic needle placed by it in any position. This rock is in places 
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coarse grained and porphyritic. It exhibits a striped appearance of wavy lines of 
light and dark shading into one another, giving a strong impression of: lines of 
flowage. 

Rocky point. This 1s a convex curve in the shore about two miles south of 
Cormorant rock. Much of the point is formed of rock rising ten or twelve feet 
above the lake, and bosses of rock, rounded by glacial action, are found along the 
shore, and rising like whalebacks in the water, a mile or more to the southwest 
and still further toward the east. Right at the point is the line of junction between 
pink granite upon the southwest, with the before mentioned dark gabbro on the 
northeast. This line is sharply defined and nearly straight. It was traced for about 
forty yards, then after being hidden for about the same distance, it was traced 
twenty yards further. Its direction is in line with the north side of Buffalo point, 
or about north 50° west. This Junction apparently is vertical, and is like the side 
of a dike. Next the granite are a few inches of fine-grained greenstone, then a 
layer of white quartz, then another of similar greenstone, shading into the dioryte 


or gabbro. This gabbro 1s coarse-grained and porphyritic. 


1 foot 


2. Fragments of hornblendie schist 


General plan of granite vein 
in gray granite Zipples 


West of Ztpples 

FIG. 12. . 

Long point. This is a narrow ridge running many rods nearly straight north 

from the most prominent angle of the south shore of the Lake of the Woods. It is 

composed mostly of gray gneiss which shows patches and veins of a more horn- 

blendic rock. No trace was found of the darker gabbro of Rocky point, and no 

disturbance of the needle was noticed. The dip was about 60° north 41° east.* 

The ridge rises from fifteen to twenty feet above the lake, and shows distinct traces 
of ice action. | 


*We assume in getting this, a variation of 11° east for the magnetic needle. 
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Stony point. This is situated about two miles southeast of Long point and con- 
sists of granite similar to that already mentioned. The veins of darker rock in it 
run between due north and magnetie north. The rock is said to rise in a knob about 
fifty feet in hight above the surrounding country only one-fourth of a mile from the 
shore. We were unable to find it on aceount of thick woods and inopportune rain. 
Several rocky Islets appear in the lake about these pomts. 

Another exposure was found at Zipple’s fishery at the mouth of Sand creek. 
The one nght at the fishery, little east of the mouth, is mainly of the dark magnetic 
gabbro before mentioned, It shows alternation of layers or veins often in lenticular 
form of white quartz, often with dark gabbro which varies much in fineness of tex- 


ture. A sketch exhibiting these relations is shown in figure 13. 


s 
\ white grantle 
Covered dark fine grained: dolerttic rock- 
a a aaa TO — pan ~_-~_ -— = 
. white quartz _--- 
3 
at ee dark fine grained rock 
ws Ae a ee, 
59 ama 
ue let le quarts er ee Growing coarser 


Sketch of rock relations at Zipples 
on Surface of nearly flat roek 


FIG. 18. 


About one-half mile west of the fishery on the south side of Sand creek is a rocky 
knob covering perhaps five acres and rising about forty feet above the lake. The 
knob is composed almost entirely of gabbro, though no magnetic disturbance was 
noticed. It was very much veined with quartz and light colored granite. Peculiar 
contorted and arborescent forms of these are illustrated in an adjoining figure (12-1). 
On the lighter portion of the rock there were noted also a number of points rounded 
and angular masses of finer grained black rock, strongly suggesting fragments float- 
ing ina molten magma. One of these 1s shown in figure 12-2. Like others we have 
noted, these rocks show in their contours the shaping influence of glacier ice, though 
strixe were found only in one very limited area. From this point we found no 
exposures of crystalline rock along Rainy river until we reached the mouth of Rapid 
river. There, as we have before stated, is a high ridge of black schist or siliceous 
slate standing nearly vertical. It rises about thirty feet above Rainy river and the 
fall is about twenty feet. A rough sketch of the locality with its exposures is shown 
in figure 14. The strike of the older stratification, as it appears from colors and from 
the fineness of the grain in the rock, is about north 21° west. The chief joints are 
north 69° west. The lamination is north 73° east. Another cleavage is in the 
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direction of the strike, north 32° west. The dip of the main joints and of the cleavage 
isat a high angle. White quartz veins are found traversing this ridge northwest and 
The rock is hard, fine grained, and very easily sepa- 


southeast in an irregular manner. 
rable into laminez. It resembles the small, black slate boulders that are found distrib- 


uted over central Minnesota far south. No magnetic disturbance was noted at this point. 
About one-half mile east of Rapid river an outcrop of dark gabbro, resembling 


that at Zipple’s both in appearance and the effect upon the needle, was found at the 
The rock here shows no distinct veins, is quite 


level of the mouth of the river. 
uniform, and of fine grains. Dr. Lawson marks a dike at this locality on his map. 
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FIG. 14. MOUTH OF RAPID RIVER. 
No clear outcrop of sedimentary rocks of this age has been 


Paleozoic rocks. 
found, but the abundance of white limestone and pebbles at some points strongly 


suggests that they probably exist not far below the surface. On Turtle river, just 
below Turtle River lake, where the stream is passing through a moraine by a 
succession of rapids, in the 8. W. 4 of T. 148-82, the bed of the stream in one case 


was found showing little else for several rods but small fragments of white limestone. 


The mud also was of a caleareous character.* 


*According to Dr. J. J. Bigsby Upper Silurian limestone is found in such large slabs and xo abundantly at the mouth of 
Rainy river and westward from there that there is great probability that it exists widely in northern Beltrami county. But Dr. G. M. 
Dawson concludes that it has probably all been transported by floating ice at the close of the drift period, but admits the possi- 
bility of a Silurian area including the Minnesota shores of the Lake of the Woods. According to Dr. A. C. Lawson the glacial 
abrasion was toward the southwest. This limestone debris is wanting in the northern portion of the lake. It seems to the 
Mpa) aeny probable that Dr. Bigsby’s judgment is correct, and that this limestone will be discovered in situin the area 
men tioned. 

The reader may consult: Quart. Jour. Geol. Soc. (London), viii, 400; British North American Rowundary Commission, 
Report on Geology, etc., 1875, p. AB: Ann. Rep. Geol. Sur. Can, vol. i, 1885, 130CC.—N. H. W. 
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Mr. Joseph Sombs, of Park Rapids, who has spent considerable time cruising, 
also some time on a claim in T. 150-31, says that on the south side of Black Duck 
lake is much lmestone along the stream for six or seven miles. That the masses of 


stone are not worn and the south bank of the lake is fifty or sixty feet high. 
GLACIAL DRIFT, 


Till, usually of a grayish cast, appears in the cut banks along the principal 
streams of this region. This may be seen occasionally along Rainy river and around 
Red lake. The deepest exposures we noticed along Clearwater river. One in sec. 6, 
T. 148-35, a few miles north of Bagley dam and nearly 100 feet in hight, exhibited 
the following section: 


Section on the Clearwater river. 


A slope consisting largely of gray clay or clay loam with pebbles; two or three wet Feet. 
layers below, - - : : : : - ‘ : : 30 
A stratum of boulders, : “ : : : : : : : : ae ae | 
Gray till with limestone boulders, numerous limestone pebbles with a zone of 
ferruginous concretions, : 7 3 : : . E : i : 30 


The level of Clearwater river. 
At Bagley dam a section of the terrace is as follows: 
Section at Bagley dam, 


Fine sand obliquely laminated dipping to the east in strata 12 to 18 inches thick, - 12-15 
Till, imperfectly exposed, of similar color and contains large boulders, - - . 12-15 
Level of Clearwater river below the dam. 


About lake Bemidji a pebbly clay, evidently till, was expose] in the more abrupt 
banks along the south end of the lake. In the morainie portions described in the 
next section till is generally exposed though much obscured by weathering and 
surface action. 

Moraines, The moraines crossing this county le mainly in the southern third 
of the county and mostly traversing it from east to west. We shall find it con- 
venient to indicate their position in order from north to south without regard to the 
order of formation. Moreover it should be remembered that in this timbered region 
it has been impracticable to locate them as confidently as has been done in open 
regions. We shall referto the particular points in each, where observation has been 
made. Between such points there may be some chance for different interpretation 
as to their courses. 

Red Lake moraine. This moraine is most prominently developed between the 
north and south members of Red lake east of the narrows. This has been studied 
by Mr. Upham. The fuller account is found in his paper which is subjoined. It 1s 
150 to 200 feet in hight above the lake. It should be remembered that the lake is 
now twenty or thirty feet below the terrace, which marks a higher or lake Agassiz 
stage of the same. East of the lake it has not been explored in this county, but on 
or near T. 152-39, the Duluth and Winnipeg survey crossed a summit 1,318 feet 
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above the sea, which may be confidently connected with this moraine. According 
to the statement of Mr. Paquin, who surveyed the region, the ridge west of Red 
lake near the mouth of Oak creek, half way between the narrows and the outlet, ex- 
tends northward about twelve miles. This ridge is said to be of uneven hight, 
varying from thirty to seventy feet, and bears upon it oaks and pines. Reference 
will be made to it under the head of beaches. We have already referred to Beltrami 
island the high ridgy region in the northern part of the county. The ridges have a 
northeast and southwest direction, at least in the eastern portion about the head- 
waters of the Winter Road river. This high land is reported to extend westward 
from that point between the head of War Road and the east branch of the Roseau 
rivers. There is a ridge rising forty or fifty feet above the surrounding country in 
the northern part of T. 162-38 lying in an east and west direction. We are informed 
by hunters and early settlers that a small ridge a few hundred feet in width 
separates a marsh connected with Buffalo point from a marsh extending west of 
Roseau lake near the international boundary. North of the international bound- 
ary extending west-northwest is a high ridge known as Pine ridge, which from a 
distance has the appearance of a moraine. We are inclined to consider these por- 
tions of the moraine forming two loops convex toward the southwest with a reén- 
trant angle or interlobular portion forming the east end of Beltrami island. The 
fact that some of these ridges have been modified by lacustrine action into beaches 
does not conflict with their earlier morainic ongin. Perhaps it is this moraine with 
the bouldery deposits south of lake Winnipeg which Mr. Upham refers to as the 
extension of his Mesabi moraine. | 
The Hill River moraine. It will be remembered that in the account of Polk 
county attention was called to the prominent morainic strip along the north side of 
T. 149-89. It was suggested that a lacustrine modification of it turned northwest 
and north forming the divide west of Thief river. We are disposed to connect the 
moraine, as there reported, with the rough country continuing east and passing 
north of Clearwater lake. It crosses Sand river a few miles east, near the crossing 
of the Red lake trail. Its knobs rise about 120 feet above the water at that crossing. 
It has been crossed both by Mr. Upham and myself at about five or six miles southeast 
of Red Lake Agency, where some of its higher pomts rise about 150 feet above Red 
lake. It shows the typical features of knobs and basins with a difference in hight 
from twenty-five to thirty feet. It was crossed a few miles east by Dr. Norwood. 
His description of it may be found in Mr. Upham’s paper. It seems not unlikely 
that the summit, from the Duluth and Winnipeg survey, near the southeast corner 
of T. 151-29, 1,442 feet above the sea, may result from the crossing of this moraine. 
Wild Rice moraine. It will be remembered that in our treatment of Norman 
county we gave an account of a morainic strip ending near the highest beach of 


‘ 
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lake Agassiz on or near T. 143 -48, and its continuation north of east a little beyond 
the east line of that county, where it seems to coalesce with the moraine coming 
from the south and to pass with it northward, occupying the east range of townships 
of this county and Polk. Itis well developed east of Fosston and is believed to turn 
east a little north of that point and connect with a morainic strip south of Four- 
legged lake, and north of Bagley dam and Buzzle lake. It continues east, passing 
north of lake Puposky where it shows scattered knobs fifteen to twenty feet in hight 
with an altitude of about 300 feet above Red lake. It has not been traced further. 

Itasca moraine, Another moraine, which may be called Itasca moraine, though 
only partly equivalent of that so named by Upham, branches from this north of the 
Clearwater, runs southwest, east of Popple and curves sharply to the southeast, north 
of the Lower Wild Rice lake, and turns east, runs south of the Upper Wild Rice, 
thence passes the Mississippi six or seven miles north of lake Itasea, forms a very 
moraimie strip along the east and south sides of that lake, thence southwest into 
Becker county. This is considered to have been formed by a lobe of ice coming 
from the east. Its irregularity is referred to an elevated preglacial ridge extending 
south of the Wild Rice lakes toward the east-southeast. Reference has been made 
to this difference of level in our treatment of Cass and Norman counties. 

Turtle Lake moraine. This is astrip of hilly country with the hills rising fifty to 
sixty feet above the intervening lakes which are crossed by Turtle river north of Turtle 
River lake in the central portion of T. 148-32. High hills were noted also at the south 
end of Turtle lake, and again west of that point afew miles, and still more distinctly 
along Grant creek in the southwestern portion of T. 147 34, where knobs rising twenty- 
tive feet above the surrounding sandy plains are not uncommon. Hills of unusual 
hight were noted by Mr. Garrison, south of the Mississippi and east of the Hennepin 
rivers. A similar range of hills not very compact but arranged in distinet ridges was 
noted west of lake Marquette, as has already been mentioned in our treatment of 
Cass county. 

Lake Ketiht moraine. This is found rising in hills that are fifty or sixty feet in 
hight along the north and west-sides of lake Ketihi. It appears well developed along 
the Mississippi at the Metoswa rapids, along its southeast course, in T. 146-382. This 
also was noted in our treatment of Cass county, as believed to connect with high 
land west of lake Kabekona and Leech lake. 

Kames or Osars. Examples of this class of drift deposits have been seldom 
recognized in this county. A ridge rising about ninety feet above the general level, 
and elongated from northeast to southwest, was noted in the southeast corner of 
T. 146-36. It seemed not to be connected with other hills, and gradually declined 
in hight toward the west. Though no exposure of its interior was found, its 


BELTRAMI COUNTY. 145 
Modified drift. Pitted plains. ] 
bouldery character seemed to indicate that it was an osar formed near the edge of 
the eastern ice-lobe, while it occupied the position of the Itasca moraine. Numerous 
narrow, low, bouldery ridges, ten to twenty feet high, were noted in the southeast 
corner of T. 148-37, and about Four-legged lake. Another isolated hill was noted 
on the south bank of the Mississippi, about two miles east of lake Bemidji. It rose © 
forty feet or more above the level plain, and showed much gravel and sand in its 
structure. 

The highest beach which we crossed was on or near the southwest corner of 
T. 159-83. Though this ridge was clearly modified into a beach, some features 
indicate that its original formation was that of an osar, or possibly a kame con- 
nected with a reénterant angle of the Red lake moraine as already suggested. Its 
isolated character, its declining in hight toward the west, and its unusually bouldery 
character all favor the view that it was originally an osar formed near the edge of 
the northern ice-lobe when it deposited the Red lake moraine. 

An east and west ridge west of War Road river, rising about forty feet above 
the surrounding plain, may have had a similar history. Though it appeared to be a 
beach ndge, yet the explanation of its isolated position would seem to require its 
deposition from ice, and quite probably in the form of an osar. The series of hills 
south of Red lake, referred to as eskers by Mr. Upham, I find more intelligible as a 
moraine, the Hill River moraine. This is not inconsistent with the esker or osar-like 
character of some of them, for the drainage at the time was probably parallel with 
the edge of the ice. ) 

A mile and a half to two miles south of the Red Lake Agency there are some 
sandy knobs rising twenty-five or thirty feet above the “ pitted plain,” which are 
‘apparently of the nature of osars, probably formed by streams along the ice-blocks. 

Modified drift. The modified drift of the lake Agassiz region necessarily passes 
into, or is equal to, the lacustrine deposits which we mention under the next head. 
In the southern and more elevated part of the county the surface deposit at lower 
levels may be considered as formed by the action of waters attending the recession 
of the ice-sheet. These stratified deposits vary much in thickness, but rarely 
exceed ten or twelve feet. In the basin of the Mississippi it is very commonly quite 
sandy. The high terraces along the Mississippi and Clearwater rivers very possibly 
belong in large measure under this head. 

Pitted plains. By this we mean a peculiar formation, often of considerable 
extent. It may be defined as a level plain in which are numerous irregular basins 
of various size, usually of considerable depth, with the sides quite abrupt. It seems 
natural to explain their formation somewhat as follows: There seems to have been, 


in some stage of the recession of the ice, an area, upon which the waters about the 
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edge of the ice-sheet deposited the finer material in a mud flat. The upper portion 
of these plains, so far as observed, is usually of fine clay with occasional small 
pebbles. In case masses of ice detached from the edge of the ice-sheet have become 
buried by this mud, it will readily be seen that eventually, when the ice has melted, 
there would be depressions of the surface, corresponding in area and depth to the 
size of the ice-blocks. We suppose that something of this sort has occurred over 
much of the area now covered with ponds and lakes, but we would restrict this 
name to areas that are particularly level, whether covered with sand, or, as more 
commonly the ease, clay subsoil. Pitted plains, perhaps, are most finely exhibited 
along the south shore of Red lake. The descent from the water shed on the south 
to the highest beach of lake Agassiz in this region is by-a succession of two or 
three terraces. The edge of the lowest one seems to correspond quite closely with 
the lowest beach found a little south of the present shore of Red lake, and about 
forty feet above it. The moraine, which we have called Hill River moraine, forms 
the edge of the next terrace, which is not as even as the lower one. The Wild Rice 
moraine marks the edge of another rise which is the highest. Between this and the 
preceding the difference in hight is slight, especially about the head of Turtle river. 
The lowest of these plains is one which especially deserves the name of “pitted 
plain.” It is well exhibited a few miles south of the Red Lake Agency. The basins 
in it are usually twenty to twenty-five feet below the general level. It is more 
sandy than the last two. This lower plain extends, as may be easily inferred, 
indefinitely east and west, and has a breadth of two or three miles. The second one 
rises from 90 to 100 feet above the lake and is much more clayey. It is more than 
usually fertile, being covered by a vigorous growth of sugar maple, oak, white pine, 
and poplar. It also extends indefinitely east and west between the inner edge of thé 
Hill River moraine and the till surface which slopes upward to the south. The line 
between the two is not always readily ascertained. The surface is not so uniform, 
and the basins upon it are less regular in size and in depth. The lower of these 
plains seems to have been formed by the mud left by the recession of the ice-sheet 
along the edge of lake Agassiz during the stage of its highest beach in this region. 
Both would seem to have been similarly formed along the southern edge of the ice- 
sheet, the second when it occupied the position of the Hill River moraine. At that 
time the water was probably discharging toward the west with considerable current, 
and therefore left the surface in a less level condition. 

Strive, As before mentioned, the exposures of crystalline rocks in the northern 
part of the county usually exhibit glacial striw. They rarely are large enough to be 
called grooves. They are commonly a few inches in length and vary in breadth from 
fine lines to half an inch. The directions as given below (marked M) were taken 
with a magnetic needle; where that failed, they were taken by the azimuth of the 
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sun. In the former case we allowed 11° or 12° for the eastward variation of the 
needle; in the latter case, not having access to complete azimuth tables, the direc- 


tions given may have an error in some cases of two or three degrees: 


Cormorant rock, 2 - : : : . : : south 73° west 
Cormorant rock, - - - ; 4 : ee : south 32° west 
Rocky point, - : - : : : z : south 62° west 
Rocky point, south 27° eee and me . é : : : - south 52° west 
Long point, - - 4 - nearly due south (M). 
Zipples, by the Haus, south 71° east, and saul 79° east, on (ite east iis of the knob. 

One-half mile west, - - - - - south 33° west, and south 20° west (M.) 
One-half mile east of Rapid river, : : : - - south 42° and 50° west 


We add a few belonging to our area from the report of Dr. A. C. Lawson, on the 
Lake of the Woods region. 


Northwest angle inlet, McKay island, south 58° west to - - - - south 60° west 
Bucketé island, . 2 : : : : . : south 45° west 
Flag Island point, - - - - - “ouith 50°, 52° and 37° west 


On the southern ccinoditaiy whith. sveiudes Rocky, Long and Stony points, of the 
previous table. 


Northeast point, which is probably Stony point, - - - - - south 33° west 
Northeast point, which is probably Stony point, — - - - - - south 70° west 
Northeast point, which is probably Stony point, - : . : : south 35° west 
Northeast point, which is probably Stony point, — - - - - - south 10° west 
Northeast point, which is probably Stony point, : - - - - south 65° west 
Cormorant rock, : : 2 : : - - - : south 33° west 


RECENT DEPOSITS. 


Alluvial flats. These are found along the principal streams, as the Mississippi 
and Turtle rivers, a little above the level of the water, but usually are of lim- 
ited extent. | 

Terraces. Under this head we recognize those of streams and those of lakes. 
Recent forms of both these kinds are unimportant. They are but a few feet above 
the alluvial plains, and no very distinct line may be drawn between them and the 
terraces which really belong to the modified drift. Along the Mississippi around 
Cass lake a sandy terrace rises twenty-five or thirty feet above the level of the 
water. It is quite even-topped, sometimes wide and sloping abruptly to the water’s 
edge or the alluvial flat. The same are found at less hight above the water around 
lake Bemidji. Terraces of these hights should be more properly referred to the 
modified drift. 

Swamps. Very much of the surface of the county is covered with swamps of 
various kinds. It is not unlikely that nearly one-half of the whole area of the county 
is covered by swamps and lakes. They are usually of slight depth and owe their 
existence quite as much to the abundant growth of moss as to the uneven surface 
of the country. Sphagnum bogs may even climb slopes of 5° for scores of feet.* 

Quite an important factor in their formation, especially in the basin of lake 
Agassiz, is the work of beavers. On quite gentle slopes they extend dams many rods 
in length to hold the water. So also because the surface is so nearly level, the 


—__ 


*SHALER. Tenth Annual Report, U. 8. G. S., p 286. 
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damming of a stream will sometimes throw many square miles into swamp. The 
character of the vegetation of the swamp depends mainly upon the depth of the 
water. Where it is over five feet in depth it is apt to be covered with what is com- 
monly called “muskeg,” that is, a thick growth of moss which fills the water 
sufficiently to hide it but yields to the foot so that one may sink to the knees or waist 
in the water, anda trembling motion is given to the surrounding surface sometimes for 
several yards. These frequently show scattering grass and small tamaracks on the 
firmer points. In the muskeg south of O’Brien lake it was noticed that the mossy 
surface was traversed by nearly equidistant strips of scattering tamarack extending 
in a northwest-southeast direction several rods apart. This may have been due to 
incipient beaches formed upon the bottom of the basin. Where the water is shallower 
and the footing firmer bushes begin to appear, usually of small growth. Where the 
ground is still firmer, dwarf tamaracks will appear, and so from this stage to the firm 
land covered with jack pine there ts usually the suecession in order as follows: of dwarf 
tamarack, full grown tamarack, spruce or cedar and pine. The cedar, or arbor-vitie, 
seems to prefer the purer water of springy regions, while spruce may grow where 
the water is less pure. Both of them grow also upon dry ground. Where the swamp 
is connected with a stream and abounds in decomposing matter, alders flourish. 
Where the moss is very abundant the spruces are of a form known as “cat spruce,” 
from their being frequented by rabbits and lynxes. Whether it is a distinct variety 
or a dwarf form of the common kind I am unable to say. When the water increases 
in depth, tamaracks may be killed out and on drier land the cedars and spruces may 
become replaced by tamaracks. 

Lacustrian formations, Beaches. Around Red lake there are numerous beaches 
which cover the gentle slopes, as for example on the east side of the north part of 
the lake, rising one above another at intervals of a few rods to the hight of ten or 
fifteen feet above the present water level. They are rarely extensively or thickly 
developed and rise only a foot or two above the average slope. . 

Below the surface of the water incipient beaches in the form of bars may be 
found, especially along sandy shores, extending parallel with the shore. Several of 
these may be sometimes traced by the growth of bulrushes. In this way they may 
be traced to a depth of ten or fifteen feet below the surface. 

Boulder walls, At certain points around Red lake, and less prominently in 
smaller lakes, the abrupt shore of the lake is faced with a thick deposit of boulders, 
sloping at an angle of from ten to twenty degrees, and from ten to twelve feet above 
the water to as great a distance below. They are probably due, as has been before 
pointed out, to the accumulating action of floating ice and prevalent winds, with the 


occasional assistance of thrusts from expanding ice. 
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Ancient beaches of lake Agassiz. Mr. Upham, in his discussions of lake Agassiz, 
recognizes what he calls the Herman beach or beaches, which mark the highest 
level of that lake in its southern and western portion. He has traced the five or six 
beaches of this group without question as far north as Maple lake, in Polk county. 
He has also, in the paper on Red lake, which is subjoined, and also in a note in the 
American Geologist for 1893, vol. xi, p. 423, assumed that this highest beach of the 
Herman series has been recognized south of Red lake at an altitude of about 1,210 
feet; also that the beach recognized on the Duluth and Winmipeg survey at about 
1,215 feet is the same. To this conclusion there appear the following objections: 
First, if the rise in the Herman beaches continues eastward and northward, at the 
same rate which Mr. Upham published in Bulletin No. 39 of the U.S. Geol. Survey, 
it would be around “ Beltrami island” fully 1,300 feet, and south of Red lake about 
1,260. Second, the apparent junction of one of these beaches with the Hill River 
moraine has been noted and described in the geology of Polk county. Third, from 
veneral principles, strengthened by the rise of the beaches toward the east, we 
infer that the recession of the ice-sheet was toward the northeast, and that therefore 
it lingered longer over the Red lake region than further west. It is probable, there- 
fore, that the beach at an altitude of 1,215 to 1,220 around Beltrami island is one of 
the lowest of the Herman beaches or the highest Norcross; that the summit beach 
which we have surmised was once an osar, is one of the first of the Herman 
beaches to extend into this region, but probably not the highest. Assuming that the 
beach at 1,215 to 1,219 of the Duluth and Winnipeg survey corresponds to a certain 
well-marked beach, rising to a corresponding hight above the general swamp, we 
confidently reckon that the summit beach is one of the hills referred to in the 
profile of that survey as rising 1,283 feet, and that it is probably the third or fourth 
of the Herman series. A rough map and section of this heach are given in figure 
1d. It is natural that the survey should avoid the highest beaches of Beltrami 
island, and from the reckoning previously referred to it seems reasonable to think 
that, if at the formation of the first Herman beach the edge of the ice-sheet was 
along the Hill River moraine, it may have receded so as to uncover this high land by 
the time of the formation of the third or fourth beach. Moreover, we should cor- 
relate the summit beach with the higher beach shown around Red lake, about forty 
feet above the water. As may be readily inferred from the previous pages, no 
extensive tracing of beaches has been made in this county. The map indicates por- 
tions of beaches to which we have already referred. Along the railroad survey 
mentioned, ten or ‘twelve beaches were passed on the slope facing Lake of the 
Woods between altitudes of 1,080 and 1,215. A similar number were also traversed ° 
from summit beach to Rainy river. They were mostly ill-defined and fragmentary, 
but showing distinctly elongated and approximately parallél low ridges of sand 
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rising one to three feet above the average slope. One interesting feature connected 
with them is the increase of moisture, even to occasional open ponds along the 
southwest sides of the ridges. The high ridge, on the trail from Jadis to War Road 
river should properly be correlated with the Jadis ridge or Camphell beach. It has 
an altitude of about forty feet above the surrounding plain, or about 1,080 or 1,090 
feet above the sea, which would correspond well with the estimated hight of the 
Campbell beach. 
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FIG. 15. 


The probable geological history of Beltrami county. In this section we shall 
simply briefly gather together in a consistent whole the suggestions which have been 
made in previous pages bearing upon this subject. 

As far as concerns the Archean and Paleozoic history this region is similar to 
that of the surrounding counties. It seems not unlikely that during the early 
Paleozoic it may have been mainly covered by the sea. The abundant limestone 
in the drift and the local accumulation of the boulders at certain points seem to 
indicate that limestone of that age is not very far below the surface, especially in 
the southern part of the Red lake basin. 

During the latter part of the Paleozoic it was probably dry land, but from the 
occurrence of the Cretaceous clays in the county east along Bowstring river there 
is little doubt but that much of this county is underlain by similar formations, 
and that at that age it was largely covered again by the sea. It seems not improbable 
that the core of Beltrami island may be of Cretaceous shales of the Colorado period 
similar to those found in Turtle and Pembina mountains. This view is strengthened 
by the reported discoveries of coal in the northern part of the county. It 1S 


BELTRAMI COUNTY. 151 
The probable geological history. } 


probable, however, that they are fragments of lignite coming from beds which are 
very thin and impure. They are quite certainly not derived from Carboniferous 
strata, for no fossils of that age have been found in the drift south and west. During 
the Tertiary the region was probably dry land and subject to great erosion. This 
is indicated by the irregularities of the preglacial surface in the northern part of 
Lake of the Woods. 

During the Quaternary it was covered for a long period with the continental 
ice-sheet. At its maximum stage this may have been several thousand feet in thick- 
ness, with its general motion from the northeast. We are more interested, however, 
in the closing scenes of this age and in the effects of the movements of the ice in its 
recession. The first part of the county to be uncovered was doubtless the extreme 
southwestern corner, which is also the highest region of the county. At the time 
of the formation of the Itasca moraine, according to our view, the lake Superior 
ice-lobe covered the whole course of the Mississippi river, with the exception of lake 
Itasca and its channel the small creek in the southern part of T. 144-36. The Red 
lake ice-lobe covered the whole northern part of the county as far south as the Wild 
Rice moraine, which includes the basin of the Wild Rice river, and farther north. 
These two lobes were probably confluent as far southwest as Mud lake, and the water 
from their inner slopes discharged southwest through Otter Tail and Buffalo rivers, 
and very soon after through the Wild Rice river. The upper waters of the Missis- 
sippi at this time turned westward, first by the before mentioned creek and later 
through Moose creek to Upper Wild Rice lake. Ata later stage the Red lake lobe, 
whose melting was probably hastened by the waters of lake Agassiz, had receded to 
the Hill River moraine. At the same time the lake Superior lobe was probably 
forming the Turtle Lake moraine or possibly the Ketihi Lake moraine. It seems 
not improbable that the Turtle Lake moraine may correspond to an imperfectly 
morainic strip lying between the Wild Rice moraine and the Hill River moraine, 
which we have associated with the former. At thisstage of the Turtle Lake moraine 
the Mississippi may have discharged along the line of the Little Mississippi and 
Clearwater. While the ice was forming the Ketihi Lake moraine, the drainage from 
the ice front seems to have been unusually sluggish, and to this may be ascribed the 
wide extent of level country surrounding lake Bemidji, Turtle lake, and the region 
as far north as the Wild Rice River moraine. At that time the drainage of the 
Mississippi and of western Cass and even northern Hubbard county may have been 
northward by way of Grant creek and Clearwater river, and through the low ground 
between Bemidji and Turtle lakes and northward toward Red lake along Mud river. 
This view is favored by the channel, as before mentioned, connecting Lac du Mort 
and lake Julia. At the same time water may have drained from the east branch of 


152 THE GEOLOGY OF MINNESOTA. 


[Differential elevation. Vegetation. 


Turtle river northward into the headwaters of Black Duck river. If we are correct 
in our reasoning, at this stage the ice had not retired from the Hill River moraine. 
After this point the lake Superior lobe retired beyond the limits of the county, but 
the Red lake lobe still occupied the northern part of the county. 

At the stage recorded by the Red Lake moraine we may conceive that lake 
Agassiz occupied the region to the hight of the highest beach south of Red lake and 
washed the front of the ice as it extended just north of the south portion of Red 
lake and turned northward from the vicinity of the mouth of Oak creek to the 
south shore of Beltrami island, which was then beginning to be uncovered. It also 
was in contact with the ice northwest of that island, probably between War Road 
river and the Roseau. We may reasonably suppose that the ice stood at this stage 
for some time because of the hight of the moraine between the two portions of Red 
lake. That the material was not much accumulated northwest of that locality is 
probably due to the leveling influence of the waters of the lake, both by the action 
of the waves and the transporting effect of the floating ice. As we have argued in 
another place, the absence of boulders from the beaches does not seem to us valid 
reason for supposing that icebergs were not floating in the lake at this time. The 
last portion of the county to be covered by the ice was doubtless the northeastern 
corner. 

Differential elevation, Then came the gradual rise of the land toward the 
northeast, which was marked by the formation of succeeding beaches which were 
partly due to this cause and partly to the cutting down of the outlet at lake 
Traverse. In the falling of the water there seems first to have been an extension 
of Beltrami island along the line of the Red Lake moraine, leaving a much larger 
extension of Red lake than at present. The rapid succession of light beaches along 
the slope toward Rainy river is probably due to the more rapid rise in this portion 
of the lake bottom. Lake Agassiz doubtless receded last from this county in the 
northwest corner. 

Red lake for many years after was probably much more extensive than at 
present. The region west of the South lake and several townships north and. east 
of the North lake was probably open water until quite a recent period. 


ECONOMIC FEATURES, 


Of the subjects under this head we can speak but briefly, for investigation has 
not been carefully made. 

Vegetution. The whole county is covered by forest growth with the exception 
of several square miles of prairie along the Mississippi between Moose creek and 
the Little Mississippi; also near the Upper Wild Rice lake. These seem to be the 
result of forest fires and from appearances it seems not improbable that the grass 
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will be of permanent growth. A somewhat similar area of prairie was crossed two 
or three miles in width, north and west of the west branch of Winter Road river. 
An interesting fact in this connection is that a cedar swamp had been the character 
of the country burned. Asa result it seemed probable that the grass had become 
well established and would prevent the growth of moss and the return of swampy 
conditions. The region west of the South lake between Red Lake river and the 
Clearwater is mostly open and somewhat covered with grass, but marshy. In this 
respect it does not differ from numerous open marshes, often of wide extent, through 
the north half of the county. 

Pine. The three prevalent species of pine are well represented in this county. 
The black pine prevails upon the sandy portion in the southern part of the county, 
often covering quite extensive areas, as between lake Bemidji and the Little Missis- 
sippi. The red pine is also found in groves of large and valuable timber mostly in 
the southern and higher portion of the county. The white pine was noticed par- 
ticularly prominent upon the clayey flat lands, or pitted plains south of Ked lake. 
The water-shed between the Mississippi and Red Lake valley abounds in large and 
valuable groves of white pine. The Red Lake moraine and the region between the 
two portions of Red lake is also abundantly supplied with white pine. 

About Beltrami island, upon the higher land, white pine was found in limited 
quantity. As arule the drier portions there are covered with the black pine, and 
for some reason that portion of the county seemed especially subject to windfalls. 
It was found much easier traveling through the swamps than upon the dry ground 
for this reason. 

Along the streams flowing into the Rainy river white pine abounds on the 
rich ground next the stream. As before mentioned, considerable pine has been cut 
and floated down the Roseau river. 

Deciduous trees, Of these trees the poplar or aspen is the most widely distrib- 
uted. It abounds on clayey land throughout the region, particularly on the low 
ridges and swamps and on the higher or clayey pitted plain south of the Hill River 
moraine. Itis well represented in numbers and in size along the valley of Rainy 
_Tiver in company with the kindred species, cottonwood and balm of pilead. Oaks 
are found in occasional groves along the Rainy river valley and in the southwestern 
portion of the county. None of conspicuous size were noticed. 

Of the maples, the sugar maple abounds upon the sandy plains between the two 
portions of Red lake and upon the clayey flats south of Red lake. Upon the highest 
plain, forming the water-shed between Red lake and the Mississippi, the hard maple 
is especially common. Moose wood abounds in the swampy region north of Red 
lake. Basswood, white elm, and birch are widely distributed upon the drier land. 
Ash is common on richer and moister lands. 
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ITay meadows. These are found in dry lake basins and on margins of large 
lakes, also on alluvial bottoms along the principal streams. The grasses most com- 
monly noticed are sorts of red top and blue joint. 

Drainage. We have alluded to the way in which a cedar swamp in the north- 
ern part of the county seemed to have been transformed into a dry fertile prairie as 
a result of a fire. In traversing the region between Thief River falls and Rainy 
river no very deep marshes were found. Frequently the water was deep enough to 
produce open marshes, but even in such cases, not infrequently, boulders were found 
rising above the surface, and several trials seem to indicate that sandy bottoms 
could generally be obtamed within three or four feet of the surface. We have 
alluded to the way in which beaver-dams and the growth of moss contributed to the 
retention of water in the region, and the prevalence of swamps. It seems entirely 
practicable that large areas, now covered by a swamp, may be drained without much 
difficulty, and that such portions could be reclaimed and fitted for agricultural pur- 
poses. The slope of the country is such that by the deepening of existing channels, 
and the removal of fallen timber, most of the region north of the Red lakes could 
be drained. The dominant formation beneath the surface seems to be a boulder 
clay, thinly covered with sand. 

Water-power. There is considerable fall in the Mississippi, between lake 
Itasca and lake Bemidji, so also in the Clearwater, between Bagley dam and Clear- 
water lake, and along the upper portion of the streams flowing north into Red lake. 
So, also, there 1s considerable descent in the middle portion of the streams flowing 
into Rainy river and Lake of the Woods. The extensive level areas provide for the 
storing of limitless supplies of water. In no case, however, would many feet of fall 
be practicable. 

Climate, Of this we need to say little except that the northern part of the 
county seems especially moist. During seventeen days in July, 18938, which we 
occupied in crossing the region north of Red lake, there were but two days in which 
there were not considerable showers. The name given to Rainy river seems to have 
had reference to a similar character of the climate noticed by early voyagers. 

Fish and game. The whole county is naturally abundantly furnished with 
game, and its waters are unusually well stocked with fish. Though the Ojibway 
Indians have occupied Red lake for many years, we found upon the shores of the 
lake frequent track of caribou, moose, deer, bear, and the region north of Red lake 
was traversed in all directions by the paths of moose and caribou, many of them 
showing the recent passage of animals. The Indians do not venture into the swamps 
during the summer, and this affords abundant protection to these large animals. 
Along the larger streams the occurrence of frames for drying meat, and of poles 
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bearing on the top a strip of moose skin, or a flat-topped stake, indicating the killing 
of a bear, signify the frequency with which these large animals are taken. Though 
we rarely saw game in the swamps, because of the noise which gave warning of our 
approach, we at times, while in a canoe, came upon moose that seemed not par- 
ticularly alarmed by our presence. Lake of the Woods is particularly famous for 
its sturgeon fisheries, which are conducted on a scale reminding one of the fisheries 
along our Atlantic coast. By means of nets and pounds they are taken by the boat- 
load, and schooners of considerable size are employed in the business. Caviar 1s 
made and shipped in large quantities to eastern markets and even to Europe. 
Whitefish, pike, pickerel, and many other species abound in Lake of the Woods and 
Red lake, also in most of the lakes throughout the county. 

Minerals. No minerals of value have yet been found in paying quantities. As 
before stated, rumors of coal in the northwestern part of the county have been re- 
ported which may develop the occurrence of thin beds of lignite in that region. Quite 
hkely, however, only fragments in the drift will be found. That there is no coal 
of Carboniferous origin may be confidently affirmed from the fact that no fossils of 
the Carboniferous age have been found anywhere in the region. 

Gold. As we have already hinted, this may be found in the Archean rocks 
around Lake of the Woods, particularly in the “northwestern angle.” Some fine 
specimens have been found near Rat Portage. Traces of copper have also been found 
in the Archean rocks on the north side of the Lake of the Woods, but both of these 
have been found in the “Huronian” slates, while upon the American side of the 
lake granites are more prevalent. 

[ron. It may seem probable from the trend of the geological formatigns and 
their nearness on the east that the iron ores of the Vermilion region might extend 
into this county, but there is little or no probability of its being found, for the whole 


region is thickly covered with drift. 


GEOLOGY OF THE REGION AROUND RED LAKE AND 
SOUTHWARD TO WHITE EARTH. 


By WARREN UPHAM. 


ALTITUDE AND AREA OF REpD LakE. 


The altitude of Red lake, determined by the survey for the Duluth & Winnipeg railroad, is 1,172 feet above 
the sea. On Beltrami island of the glacial lake Agassiz (Am. Geologist, vol. xi, pp. 423-425, June, 1893), lying 
north and northwest of Red lake, the profile of this survey shows the highest beach of the glacial lake to be 
1,215 feet above the sea. 

According to the township plats of the United States government surveys, done in the years 1890 to 1892, 
the length of the south part of Red lake is about twenty-five miles, and its mean width about nine miles; and 
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the length of the north part of the lake is approximately twenty-four miles, with a mean width slightly exceed- 
ing eight miles. These dimensions give a total area of Red lake, measured, on a plat combining the township 
surveys, of about 441 square miles. It is the largest lake contained wholly within the state of Minnesota, being 
more than twice as large as Mille Lacs, which is next in size. A strait nearly one mile wide, called “the narrows,” 
connects the two parts of the lake. The original width of this strait was about two and three-fourths miles, but 
it has been thus reduced by the action of winds and waves, which have formed narrow spits of sand, jutting out 
more than a mile from each shore. 


ADJOINING COUNTRY AND TRIBUTARY STREAMS. 


Notes taken during a canoe voyage in September, 1885, along the entire shore line of Red lake, while 
engaged in exploration of the area of the glacial lake Agassiz for the Unite ‘d States Geological Survey, supply the 
following descriptions of this lake and of the surrounding country.* 

The maximum depths of Red lake are reported to be forty to fifty feet. Its northern part becomes fase 
in winter earlier than the southern part, indicating that the latter has a greater average depth. Its shores are 
mostly low, varying from ten to thirty feet above the lake, or only one to three feet in the swamp north of its 
northern part. The only considerable elevation near this lake is the tongue of land two and a half to three 
miles wide, extending ten miles east from the narrows, which is a belt of morainie drift 100 to 200 feet high. The 
view from no portion of Red lake extends to any great distance, the farthest land visible being some six miles 
away in the direction southeast from the Agency toward Cass and Leech lakes. 

The whole country surrounding Red lake is wooded. Areas of til) are covered by a dense growth of 
deciduous trees, with occasional groves of white pine; and a valuable forest of this pine crowns the ridge east 
of the narrows. A more scanty growth of dwarfed black oaks and the Banksian and red pines occupies tracts 
of modified drift, as at the Agency and for several miles thence southward. The swamps are also sparingly 
wooded, their species being tamarack, balsam fir, and arbor-vitze. Only a few small tracts, from one to a hun- 
dred acres, have been cleared for cultivation. These are partly in the vicinity of the Agency, and partly near the 
Ojibway village, which is one mile south-southeast from the narrows. 

Sometimes a sand-bank off the extremity of the northwestern sand spit at the narrows is exposed to view as 
a low island a few inches above the water; but at the time of my visit this was not in sight, as the lake was at 
an uncommonly high stage, probably three feet above its lowest level. It has no other island, nor has it any 
noteworthy peninsula nor cape, excepting those which divide the two parts of the lake. Many portions of its 
margin extend several miles in a straight or gracefully curving course, with no indentation nor outstanding 
point. 

Eighteen or twenty streams of sufficient size to be named by the Indians, and some ten smaller creeks, 
flow into Red lake. The largest of these are Sandy river, Big Rock creek, Pike creek, Mud river, Black Duck 
river, and Battle river, which enter the south part of the lake in this order from west to east and north; and, 
continuing in similar order, Big Sand Bar creek, Tamarack river, Poplar river, the East and West Two rivers, 
and Wild Rice river, tributary to its northern part. Notes of these and of all the smaller affluents which were 
observed in this exploration, with descriptions of the shores, the various drift deposits, and the timber, are as 
follows, in the order of our canoe voyage, starting from the Agency eastward and continuing around the lake. 
It was wy hope that exposures of the bed-rocks underlying the drift would be found; but instead it seems cer- 
tain that no such outcrop exists in this region. 


FROM THE AGENCY AROUND THE EAST PART OF THE SOUTHERN HALF OF RED LAKE TO THE NaRROWS. 


The Indian name of the stream at the agency is Pike creek, rendered Gould Fish creek by Beltrami; but 
by the English residents it is more commonly called Mill creek. A saw and grist mill, having ten feet head, is 
built on this stream about a quarter of a mile from its mouth. The mill pond, which is about twenty feet above 
Red lake, is twenty to forty rods wide and extends a mile to the east, parallel with the shore of the lake. Pike 
creek below the mill is ten to twenty feet wide and six inches to one foot deep. Its sources, according to Rev. F. 
W. Smith, are a series of three or four lakelets, the lowest of which, lying on the southwest side of the road to 
Cass lake, is called by the Indians Little lake, but by the white men Ten Mile lake, from its distance of about ten 
miles south-southeast of the Ayency. The highest, called Cranberry lake, has quite irregular outlines, lying 
mostly in secs. 34 and 35, T. 150 34, with a length of about a mile from northeast to southwest. 

Red Lake Agency is situated near the middle of the south side of the south part of Red lake. It isona 
plain of sand and gravel, about thirty-tive feet above the lake, lying close east of Pike creek and north of the 
west end of the mill pond, nearly a quarter of a mile from the shore of Red lake. This village includes about 
twenty-five houses and probably a hundred inhabitants, nearly all of them Ojibways, not counting the sixty or 
seventy Ojibway children in the boarding school. 

About two-thirds of a mile east from the mouth of Pike creek we passed a point that stands out very 
slightly from the nearly straight trend of the shore, which is N. 85° E.f Many granitic boulders up to six or eight 


*My companions in the voyage were two Ojibways, Roderick McKenzie and William Sayers, who propelled the canoe and 
performed the work of camping and cooking. They proved themselves expert with paddle and rifie, and several times added 
game to our bill of fare. Both had received a fair education and could converse well in English, though more familiar with their 
native language. Mr. McKenzie, by his acquaintance with the Indians about the lake, was specially serviceable in obtaining infor- 
mation as to the names applied by them to streams and points of land along the lake shore, and the translations of these are given 
in the following pages. This canoe voyage occupied six days and extended along the entire shore of the lake, a distance ex 
ing one hundred miles. 

+ The bearings taken in this reconnaissance, and in part noted in these pages, are corrected 80 as to refer to the true merid - 
ian. The magnetic variation here is about 13° to the east of north. 
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feet in diameter border the shore here for an eighth of a mile or more, being piled wall-like against the foot of 
the bank of sand and gravel which rises about twenty-tive feet. These boulders are derived from underlying 
till, The same plain of modified drift continues several miles east, generally forming a sandy beach; but 
boulders scattered here and there along the shore, occasionally in great abundance, show the near presence of 
till beneath. . 

Two miles east from the Agency is a slightly projecting point of sandy shore, with no boulders, from which 
the land rises gently in forty or fifty rods to a hight of about thirty feet. This is called Kahgone’s point, from 
an Indian living there; the meaning of this name is “ young porcupine.” Magnesian limestone pebbles make up 
two-thirds of the gravel here. A depth of three feet of water is reached ten to fifteen rods from the shore. Near 
this point, and in many other places about the jake, little ridges of sand and gravel, one to three feet high, 
have been pushed up from this shallow water by the ice; but no specially noteworthy ice-formed ridges 
were seen. 

A small creek, having a length of four miles, enters the lake a half mile east of Kahgone’s point. From 
a fourth to a half of a mile beyond this creek, a steep bank of till forms the shore, occasionally showing an imper- 
fect stratification to a depth of five or ten feet below its top, which is twenty-five to thirty feet above the lake. 
Here and eastward many boulders of all sizes, to six or eight feet in diameter, line the shore. Nearly all of them 
are Archean, being mostly granite and gneiss, with a few of hornblendic and micaceous shists. Though mag- 
nesian limestone, such as outcrops near Winnipeg, has supplied a large proportion, usually from one-third to 
two-thirds, about this whole lake, only rare boulders of this rock are observable among the multitudes of 
Archean origin, probably not averaging more than one in five hundred. This is due to the more massive con- 
dition of the latter, enabling them to withstand much wearing and crushing, by which the limestone, with its 
joints and planes of bedding, becomes broken into small fragments. 

Near the chief's village, about four miles east of the Agency, is a slightly projecting point, called the 
Chief’s point. It is formed of till, which rises steeply twenty tive to thirty feet above the lake. Indian corn- 
tields were seen on its top, in small clearings of the forest. 

Mud river, called the Red Lake river on former maps, and Grand Portage river by Beltrami, enters the 
lake about a half mile east of the Chief's point. This is a considerable stream, larger than Pike creek, but 
smaller than Sandy river and Black Duck river. It is about fifteen miles long, flowing north-northwesterly from 
sources near Turtle lake and river, which are tributary to Cass lake. Its head stream passes through lake 
Puposky or Papashkwa, named on the township plats Mud lake, two miles in diameter and containing a large 
island, and through two lower small lakes called Wild Rice lakes. Near the mouth of Mud river and thence 
eastward to Big point, the shore is till, rising gradually in a quarter of a mile to a hight twenty to forty feet 
above the lake. It bears a heavy growth of hardwood, interspersed with occasional tall white pines, and has 
much fallen dead timber. : 

Big point, a broad swell of the shore, standing out perhaps an eighth of a mile bevond the general outline 
westward, but little from that eastward, is a mile east of Mud river. It has a sandy and swampy low shore, 
spruce and elms being conspicuous in its forest. Here, and eastward to Black Duck river, the land bordering 
the lake is till, but it lies so low that no portion of it has been undermined and washed away, and therefore the 
shore has none or only very rare boulders. 

In the distance of about six miles from Big point to Black Duck river, four small creeks enter the lake, 
bordered by tracts of marsh grass along the lower part of their course. On these meadows we saw many stacks 
of hay which had been put up by the Indians, and the name Hay creek is applied to one or more of these 
streams. The eastmost of them has its mouth only ten rods west of the mouth of Black Duck river. Hay is 
also cut by the Indians on the meadows of this river, and of nearly all the streams about Red lake. 

Black Duck river enters the most southeast part of the southern half of the lake. Itis called Cakakiseiou 
river on Beltrami’s map, and Cormorant river on Nicollet’s and later maps; but it seems to be known to the 
English-speaking residents only by the name of Black Duck river. This stream is said to be ahout twenty miles 
long, flowing in general from the southeast, although its course for the last three miles is from the northeast. 
It is one of the four largest tributaries of the lake; the others that rival or slightly exceed this are the Tamarack, 
Wild Rice, and Sandy rivers. The principal tributary of the Black Duck river, coming in from the northeast 
about three miles from the mouth of the Black Duck, but only one mile back from the lake shore, is now named 
on the township plats as the Cormorant river. 

Within the half mile next southwest of the mouth of Black Duck river, the shore turns from the course 
a few degrees north of east which it holds from Big Rock creek to the Agency and to this curve, about twenty 
miles, and gradually changes to a course only a few degrees east of north, which it holds for the next six or seven 
miles north, at the end of which distance it again curves within about a mile to a course nearly due west, thus 
giving to the east end of the south part of the lake a peculiar truncated outline. 

Along the south side of the lake eastward from the Agency, much of the shore is twenty to thirty feet 
high, and the surface slowly rises in five or six miles to an elevation 100 to 125 fect above the lake; but the shore 
of the east end of this part of the lake is all low and does not attain any considerable hight within the few miles 
seen from the lake. Its highest portion hes eastward from the mouth of Black Duck river, where it rises thirty 
or forty feet at the distance of a mile. Hay meadow and marsh border the lower part of this river, which for 
two miles next to its mouth fuws ina meandering south southwesterly course within 30 to 100 rods from the lake. 

Stratified sand and fine gravel, belonging to the moditied drift, with no boulders, form the entire eastern 
shore, having a hight only five to ten feet above the lake for nearly five miles north from the mouth of Black 
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Duck river to a quarter of a mile north of Battle river, beyond which its elevation for about a mile is twenty to 
thirty feet, succeeded farther north, about the most northeastern part of the shore, by another low tract. 

There is a portage of about thirty rods from the lake to Black Duck river nearly one and a half miles 
north from its mouth. It crosses an ice-formed ridge of gravel and sand six to eight feet high and about ten 
rods wide, which is wooded. East of this the river flows through a hay meadow which is seen to extend three- 
fourths of a mile to the north and a half mileor more to the south, with a width of about a half mile. All the 
land surrounding this meadow is low, nowhere exceeding twenty feet above the lake, and is covered by deciduous 
trees. The only coniferous species seen in this view are occasional belts of tamarack along the margin of 
the meadow. 

Two dome-shaped knolls of sand, about fifteen feet above the general level, lie close to the shore, one a 
third of a mile and the other about a half mile north of the Black Duck portage. Froma quarter to a half of a 
mile farther north many such sand mounds border the shore, their crests being twenty to thirty feet above the 
lake. All these are dunes heaped up by the wind, but, they are not now undergoing much change, and have 
mostly become covered with trees and bushes. Beyond this tract they continue northward in diminishing num- 
bers and size for more than a mile. 

Battle river enters the lake from the cast northeast about a mile north from the most northern dunes. It 
is of nearly thesame size as Big Rock creek and Mud river. 

In the curve to the north shore of this part of the lake the area of stratitied sand and gravel is succeeded 
by till, which reaches thence to where the shore bends to the north about two miles south of the narrows. The 
south and north parts of the lake here are divided by a prominent morainic tract nearly ten miles long, which 
decreases in width from about four miles on the east to two and a half miles near its west end. In its eastern 
half it rises to a hight of 75 to 100 feet; but the highest portion of its western half, three to tive miles east-south- 
east from the narrows, is elevated 150 to 200 feet above the lake. This massive ridye is till with a somewhat 
uneven surface, having knolls and small ridges twenty to fifty feet above the adjoining depressions. Much of 
this northern shore of the south part of the lake has been eroded so that it rises steeply ten to thirty feet, and 
abundant boulders are strown at the foot of the slope and accumulated in a wall-like border about project- 
ing points. 

Canoe portages are sometimes made from the northeastern curve of the south part of the lake to the vicinity 
of Poplar point on its northern part. 

Close to the shore the forest is mainly of deciduous species, including sugar maple, bur and black gaks, 
elms, hackberry, basswood, poplar, and ironwood: but the higher part of the morainic belt bears a majestic forest 
of white pine, which probably averages two miles or more in width and is the only extensive tract of this valuable 
timber near the shores of Red lake. 

Coasting along the shore from the curve above: mentioned to the narrows, two small points are passed 
about one mile and two and a half miles from the east end of the lake, and a half mile farther west is a small 
tributary called Sucker creek, the only stream noted along this distance. About three and a half miles west of 
this creek is Elm point, and nearly two miles beyond this we passed the more conspicuous Uninhabited point, so 
named by the Indians because of ancient clearings along the shore for a mile to the east, where in some former 
time, probably a century or longerago, the Ojibway people had a village and cultivated fields. Their bark lodges 
and more permanent log-houses, with patches of corn and potatoes, were seen here and there all along this shore 
from its most eastern portion to the narrows. 

Beyond the Uninhabited point the shore trends west-northwest past Pelican, Halfway, and Rabbit points, 
successively about three-fourths of a mile apart. Halfway point is marked by an unusually large angular block 
of granite or gneiss at the water's edge. About a mile northwestward from Rabbit point is Sand Cliff point. 
The base of this is the usual wall of boulders, derived from erosion of till; but its upper part, rising steeply 
from near the lake level to a hight of seventy-five or eighty feet, is levelly bedded sand and fine gravel. From 
ten to thirty rods east of the point this deposit of modified drift is destitute of vegetation, so that it is con- 
spicuously visible from the south shore. This locality was the scene of the fasts, vigils and incantations of 
medicine men of the Ojibways in former times. 

Boulders line the shore for nearly a half mile northwest from the Sand Cliff point, but the till supplying 
them is covered by knolly deposits of sand and gravel, which rise in small plateaus and ridges, apparently 
trending mostly from east to west, their crests being fifty to seventy-five feet above the lake, with intervening 
hollows, thirty to tifty feet deep. These appear to belong to the morainic belt, and they abut eastward upon its 
higher land, which is chiefly till. 

Next to the northwest a plain of sand and gravel, bearing no forest, and perhaps in part natural prairie, 
about twenty five feet above the lake, extends two-thirds of a mile or more, diminishing from a third to an 
eighth of a mile in width. On this tract, about a mile south from the narrows, is the principal Ojibway village 
of Red lake, consisting of forty or fifty lodges. Some tifty acres of corn, several acres of potatoes, and a good 
supply of squashes, were nearly ready for harvest here. This village was represented fifty years ago on Nicollet’s 
map,* which was of so early date that it does not show St. Paul, Minneapolis, nor any other city or town in 
Minnesota. ~ . 

A narrow spit or hook of sand and gravel, mostly fifteen to twenty feet above the lake, projects north- 
ward into the narrows; its low extremity, about a quarter of a mile long and only three to five feet high, is 
curved northeastward. A third part of the gravel here is limestone, the remainder being mostly granite and 


* Geology of Minnesota, vol. i, plate 7, facing p. 67. 


BELTRAMI COUNTY. 159 
The northern half of Red lake.] 


gneiss; its largest pebbles are three inches in diameter. From this southeastern cape or point of the narrows 
it is about seven-eighths of a mile north to the end of the spit that runs east from the opposite shore. The 
ends of both spits have been evidently formed by the waves and shore-currents while the lake has had nearly 
its present level. The higher plain of the Ojibway village, and its extension northward along the greater part 
of the southeastern spit, were apparently formed similarly, their material being eroded from the shore near 
Sand Cliff point and carried northwestward, when the lake stood fifteen or twenty feet higher than now. But 
the low land west of Red lake along its outlet shows that the water here could have such higher clevation only 
by forming a part of lake Agassiz when that held nearly its highest stage. 


THE NorRTHERN Har or Rep Lake. 


From the Ojibway village the south shore of the northern part of the lake trends nearly due east thirteen 
miles, the first seven miles being a few degrees north of east, and the next six miles due east, or in places a little 
‘south of east, ending where two or three unusually tall elms were observed close to the shore. Two slightly 
projecting points, bearing groves of large white pines, were passed one and a half and three miles east of the 
village; and one and a half miles east of the second Pine point the white pine forest of the massive ridge on the south 
extends quite to the shore, taking the place of the deciduous species. The next noteworthy projection in the 
shore line is nearly tive miles farther east, being about two miles beyond where its trend first changes from 
slightly north to slightly south of east. One and a quarter miles farther on is Poplar point, bearing in its woods 
about a dozen large poplars, forty to tifty feet high, among smaller trees of ash, elm, basswood, canoe birch, 
balsam poplar, and willow. This point, guarded from the encroachments of the waves by a wall of boulders, 
is only five or six rods across, and stands out sharply about the same distance beyond the general outline. Till, 
with plentiful boulders, the northern base of the morainic highland between the two parts of the lake, forms the 
shore from the Ojibway villaye to this point and about a half mile farther east. There it is succeeded by a low 
area of stratitied gravel and sand, which extends three miles, having an elevation of only five to fifteen feet. 

Two miles east of Poplar point the shore line turns to the east-northeast. One and a half miles beyond this 
bend a swell of till twenty-tive to forty feet high, covered with red and white pines, was seen a half mile south from 
the lake; and spruce, balsam fir, and tamarack grow along the shore. From these conifers the name Spruce 
point is given to the broad outward bend of the shore a mile farther east, which, however, bears only deciduous 
trees. This point and the shore for a mile west and one and a half miles eastward are sandy till, with frequent 
boulders, having a hight of only five to ten feet adjacent to the lake, but rising here and there in hilly tracts 
thirty to fifty feet high within a quarter or a half of a mile back from the shore. 

Big Sand Bar creek enters the lake from the southeast about two and a half miles east-northeast of Spruce 
point. Itis tifteen to twenty feet wide and has no hay meadow. At its mouth it has deposited a delta of sand 
and fine gravel, which projects tifteen rods into the lake. About a third part of its pebbles are limestone. A low 
tract of stratified sand and gravel, with no boulders, borders the lake for three-fourths of a mile west of this 
creek, and for parts of the way thence three miles east-northeastward to the Little Sand Bar creek; but mainly 
the shore between these creeks is till with numerous boulders, its hight near the lake being five to fifteen feet, 
while within a quarter or half of a mile it rises to twenty-five or fifty feet. 

Little Sand Bar creek, entering the lake from nearly east, is seven or eight feet wide and afoot deep. Its 
delta of sand and fine gravel juts out five rods, and the mouth of the creek is at its extreme point. Onward the 
shore trends north 30° east, and slowly turns to due north at the mouth of Tamarack river. No noteworthy 
projecting point nor abrupt turn in the shore line was noted in this distance of about four and a half miles, 
nor in the curve north of the Tamarack river, nor along the north side of the lake for sixteen miles thence west- 
ward to Big point. Between Little Sand Bar creek and Tamarack river the land is sand and gravel, with 
occasional but mostly infrequent boulders, being modified drift near the shore, where the hight is only five to fif- 
teen feet. Not far back from the lake the land rises to thirty or forty feet, and bears frequent groves of red and 
white pines, which also grow in a few places on the shore. Probably till forms some of these higher tracts. 

Near the mouth of the little Sand Bar creek I found a water-worn fragment of lignite, about two inches 
long, on the beach, the only one noticed in this exploration; it was the charcoal-like kind most commonly found 
in the drift deposits of all western Minnesota. This fragment and the plentiful limestone pebbles in the till and 
modified drift about this lake have been brought by currents of the ice-sheet from the northwest. The 
proportion of limestone pebbles about this east end of Red lake is only one-sixth to one-third, being less than 
farther west, as near the Agency. About sixty rods northeast from the Little Sand Bar creek a block of buff 
magnesian limestone, about five feet long, and several of smaller size, lie on the beach: they were doubtless 
united during their transportation by the ice sheet. 

Tamarack or Swamp river, called Sturgeon or Amenikaning river on Beltrami's map, comes in at the ex- 
treme east end of the lake. It is 50 to 100 feet wide near its mouth, and is bordered by shores of alluvial sand 
only three or four feet high. Inthe high stage of the lake at the time of this visit its water was set back 
a considerable distance up the stream. 

Mr. Nathan Butler writes of this river and the usua) route by it to the Big Fork of Rainy river, as follows: 

“The canoe route which I traveled from Red lake to Rainy river is up the Swamp river, which comes into 
the east end of the north lake from a little south of east. About eighteen miles by river, or ten by land, is a 
portage on the north side, half a mile above the forks. There is but one place on this river dry enough to land, 
and that is about half-way up on the south side. The shoreson both sides are tamarack swamp, or open meadow, 
with willows interspersed. The landing is ina tamarack swamp, and the portage is north 85° east,six miles, to the 
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West branch of the Big Fork river. The first mile is through tamarack swamp, and then four and a half miles 
through open tamarack and spruce, ten to twelve feet high and about the same distance apart, with the trail 
worn down into the marsh so that in a wet season it forms a cana] in which the canoe can be towed along, with 
all the baggage in it. The last half mile is higher than any other part or the portage, being about two feet above 
the level of the water in the river. 

“Going down the West branch of the Big Fork river, which is here about twenty feet wide and six feet 
deep, there is tamarack swamp and meadow on either side, until the stream gradually sinks below the surface 
enough to drain the land along its banks. Then we tind growing along the banks hardwood timber, and a few 
scattering white pines, which form good ladders to climb and look out over the surrounding country, which is 
everywhere the same dead level tamarack swamp. It is some twenty-five or thirty miles by the river, and about 
fifteen or eighteen miles in a straight line, from the portage to the Big Fork river, and the course is nearly or 
quite due east.’* 

Within two and a half miles northwestward from Tamarack river the shore bends from a north toa west 
course, and thence it runs west and west-southwest twenty-two miles to the Wild Rice river. This entire north 
shore of the northern part of the lake has no salient point. Its only projection isa broad swell, called Big point, 
that stands out slightly from the general outline about five-sevenths of the way from Tamarack river to Wild 
Rice river. Nearly all of thisshore is swamp, bearing tamaracks, which vary in hight from twenty-five toseventy- 
tive feet. With them are occasionally seen spruce, balsam fir, and arbor-vitie, while all the slightly higher but 
still wet tracts bear also small poplars and canoe birches. The surface of this vast swamp is only one to three 
feet above the lake, from which it is separated by a wave-formed beach of sand, elevated one to three feet above 
the swamp and covered with rushes, grass, bushes, and trees. 

A slight stream, only three feet wide and scarcely flowing, bordered by three or four acres of grassy and 
bushy swale, enters the lake about five miles west from its east end. Near its mouth and in many other places 
boulders of granite and gneiss up to six or eight feet in diameter are seen on this shore, indicating that the 
swamp and margin of the lake lie on till at no great depth. The present position of these boulders is probably 
attributable to the action of ice freezing to the bottom of the shallow water and pushing them to the shore, as 
is observable about many lakes throughout the Northwest. 

Poplar creek, tifteen to twenty feet wide and two or three feet deep, comes in about nine miles from the 
east end of the lake; and three miles farther west the Two rivers, each thirty feet wide and three or four feet 
deep, have their mouths about a third of a mile apart. The lower portions of the Two rivers are bordered by 
hay meadow, which is separated from the lake by the usual beach ridge of sand and fine gravel. Between the 
Two rivers, a quarter of a mile back from the lake, and along the shore for a mile eastward, a surface of till rises 
tifteen to twenty five feet and is covered by a luxuriant forest of elm, oak, ash, basswood, canoe birch, and other 
deciduous species, with here and there a tall spiry, dark balsam fir. Another tract of till, having similar hight, 
but bearing less dense and smaller woods, mostly poplar, borders the lake also at the mouth of Poplar creek, and 
for a mile thence west. Between these tracts about a half mile of the shore is tamarack swamp. 

About fifty rods west from the west one of the Two rivers is the bezinning of a “ winter road” to the Lake 
of the Woods, a trail used by the Indians in winter, when the vast swamps of the intervening country are frozen. 
This trail, as Mr. Roderick McKenzie informed me, crosses the Big river, as it is known to the Indians, twelve 
miles north of Red lake. At this crossing the stream is twenty-five or thirty feet wide and flows northeastward. 
Some twenty miles farther north the trail crosses a branch of Big river, and a second branch of the same is 
crossed about six miles south from where this road reaches the Rainy river eight miles above its mouth. The 
whole distance from Red lake to the Lake of the Wuods by this route is called by the Indians eighty-five miles. 

The Big river flows in a general course a few degrees east of north, nearly parallel with the winter road and 
on its east side, entering Rainy river, according to Mr. McKenzie, thirteen miles from the Lake of the Woods. It 
appears to be the same stream to which the names Winter Road river and Rapids river have been applied, though 
these names, probably erroneously, are shown by maps, following Nicollet, to belong to the first and third of three 
entirely distinct parallel streams. The earlier notes and map of Long's expedition, which are more reiiable for that 
region, indicate instead only one large stream there, which he named the River of Rapids, “so-called from the 
fine rapids which it presents immediately above its mouth.” f 

Mr. Nathan Butler has given the following description of this road and the country traversed by it: 

“Several rivers come into the Rainy river from the south and southwest, the Black river, three miles below 
the Big fork, and the Winter Road river, twelve miles above the mouth of the Rainy river or Lake of the Woods, 
and two or three others between them. There is a winter road, or dog sled trail, leaving the Rainy river at the 
mouth of the Winter Road river and running about S. 20° W. fifty miles, to the middle of the north shore of the 
north Red lake. The whole distance is one continuous swamp, tamarack and open, except where the streams 
have cut down into the ground from six to twelve feet below the surface, thus draining the land on either side 
for forty or fifty rods. Along the banks of these streams grow poplar, oak, elm, and smal] red pine timber, but 
none large enough for lumber. I traveled over this road, or trail, the last week in May, and the frost was out of 
the ground only about a foot below the surface, or I think we could not have passed over some of the open 
marshes, as they appeared like what was once floating bog upona lake, now a bottomless pit. In fact, we waded 
in mud and moss full of water, ankle deep, from Rainy river to Red lake, except along the banks of the streams 
that we crossed; and we had to have a brush heap for a bed, to keep us out of the water, every night, ‘excepting 
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one when we camped on the bank of a stream. Climbing the tallest trees no sign of dry Jand or heavy timber 
could be seen anywhere, nothing but the same endless tamarack swamp. The Indians do not pretend to visit 
this part of their reservation except when it is frozen. The water in this swamp is level with the water in Red 
lake around its entire north shore, being separated from it by a ridge of sand thrown up by the ice and water, a 
rod or two wide and from two to six feet high.” * | 

About four miles west-southwest from the Two rivers, the shore turns for a mile to a course a few degrees 
more westerly, forming Big point, the farthest land seen on this north shore in the view from its west end at the 
mouth of Wild Rice river, six miles distant. A tributary stream, ten to fifteen feet wide, entering the lake, as 
I was informed by Mr. McKenzie, a third of a mile west of this point, is called Big Point creek. Nearly two 
miles farther west, I observed a small creek, ten feet wide and a foot deep, with a few acres of hay meadow 
bordering it back of the beach, but only three feet wide and four inches deep on the sand bar at its mouth. 
This whole distance, about ten miles, from the Two rivers to Wild Rice river, is one continuous tamarack swamp. 

Wild Rice river joins the lake at the extreme northwestern portion of this half, where the shore turns in 
a graceful curve to the south. It is at the line of division between the tamarack swamp, which also continues 
westward, and the undulating area, probably till, five to fifteen feet high, covered with hardened forest, adjoining 
the shore for the first mile southward. This is a large stream, forty to fifty feet wide and five to seven feet deep 
for a distance of at least fifty rods from its mouth. Wild rice grows along its banks for a width of six to ten 
feet. About a mile southwest from its mouth this river flows through the north end of a shallow lake, said to be 
nearly a mile long, from north to south, called Wild Rice lake from its rank growth of this useful grain, which 
supplies a large part of the winter food of the Indians. On the east side of this lake a tract of marsh, destitute 
of trees, extends to the wooded beach of Red lake, abouta mile south of this river. 

Farther south an area of gravel and sand, with no boulders, gradually rises to a hight of fifteen or twenty 
feet. The most southwestern two miles of this shore, extending to the low west point of the narrows, is a 
beautiful beach of sand and fine gravel, not bordered in front by the rushes and tall reed-grass that generally 
grow in the edge of the water of this north part of the lake toa distance of ten or fifteen rods from the shore, 
hiding the beach from the sight of the canoe voyager. 

Only a few trees, poplars and elms, and occasional clumps of bushes, with grass, grow on the narrow 
sand spit, about a mile long and only three to five feet high, which projects due east, forming the north side of 
the narrows. Its extremity for a length of twenty rods, with a width of one or two rods, is bare sand, only a few 
inches above the high stage of the lake. On this sand I counted about a hundred and fifty gulls, which rose 
and circled over us as our canoe rounded the point, entering the south half of the lake. There, too, a fine sand 
beach, free from rushes and grass, reaches west a long distance. Near this narrows, perhaps at its opposite side 
on the site of the Ojibway village, there will probably be in future years a summer resort of tourists and sports- 
men, attracted hither by the beautiful wide expanses of this double lake, by the fish and fowl of its waters, and 
the moose, deer and caribou of the surrounding forest. 


From THE Narrows AROUND THE West POINT OF THE SOUTHERN HALF OF RED LAKE TO THE AGENCY. 


From the West Narrows point the north shore of the south half of Red lake trends only a few degrees 
south of west for one and a half miles, and thence nearly southwest for three miles, passing the mouths of three 
small creeks. A prairie of flat sand and gravel, about ten acres in extent and three to six feet high, borders the 
shore a mile west of the narrows. It bears no trees nor brush, and seems to be naturally unwooded, but it has 
no ordinary prairie sward, being covered with nodding lyme-grass or wild rye, strawberries, raspberries, very 
small plants of smooth sumach, and several species of golden-rods and asters. Close west of this is a tract of a 
few acres of hay meadow, bearing a fine crop of blue-joint grass; and such little patches of meadow, with stacks 
of hay made by the Indians, were seen in other places westward just back of the beach. After passing about a 
mile of tamarack swamp, the shore farther west, beginning about three miles west of the narrows, is in part low, 
slightly undulating till, with frequent boulders, which are almost all gneiss, and granite. About half of the 
gravel here is limestone. With the tracts of till, bearing poplars, canoe birches, elms, and bur oaks, are other more 
extensive tracts of tamarack swamp, in portions of which all the trees have died but remain standing, their dead 
trunks and branches being festooned with mosses. 

Starting point, four miles west from the narrows, is so named by the Indians because they gather there for 
starting in company in canoe trips to the outlet and down the Red Lake river. Here the shore turns to a west- 
southwest course, which it holds for the next six miles, and thence curves gradually for six miles onward south- 
west and south to the outlet. All the land bordering this part of the lake is low, being partly tamarack and 
spruce swamp, while other portions rise slowly to a hight of fifteen or twenty-five feet. These higher portions 
are apparently till, and bear a heavy growth of hardwood forest. Often a belt of hay meadow, ten to fifty rods 
wide, intervenes between such tracts and the beach ridge, which is sand and gravel with occasional boulders. 

Oak creek, about ten feet wide, comes in some four miles north of the outlet, deriving its name from the 
occurrence of several large oaks on the beach near its mouth. A marsh, destitute of trees, but with tamarack 
and spruce swamp beyond it westward, borders the lake thence one and a half miles south-southwest to Last 
creek, which is of similar small size, being the last tributary passed in approaching the outlet. For a half mile 
south from Last creek the shore is five to ten feet high, and bears a heavy growth of mixed timber, mostly decid- 
uous species, but including also frequent spruces and balsam firs. 


*Lumberman and Manufacturer, Dec. 7, 1877. 
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Marsh with no trees borders the lake for a mile or more from the outlet both to the north and south; but 
at no great distance back from the shore and river the surface rises a few feet higher in a slightly undulating 
prairie. An aboriginal mound, about tifteen feet high, is situated on this prairie north of the Red Lake river 
about a quarter of a mile from the mouth of the Jake. The outflowing stream is at first about ten rods wide and 
one to three feet deep, but is narrowed to six rods within an eighth of a mile, its course for that distance being 
northwest. 

Red Lake river is said to receive no tributary till it reaches the mouth of Thief river, about forty miles 
distant west-northwest. It has a very meandering course, bordered by marshy land for ten or fifteen miles next 
to the lake, and thence by slightly higher land with hardwood forest. Two days are required to descend it in 
canoes to Thief river, and three and a half days to return. It has considerable current, but no rapids excepting 
within a few miles above the mouth of Thief river. There the bed of the stream is in some places paved with 
drift boulders and coarse gravel, so that in low staves of water, as Beltrami relates, canoes are relieved of part of 
their load to protect them from injury. 

Low shores of sand and gravel, with no boulders, bearing mostly small poplar woods, but having two 
groves of large hardwood that perhaps occupy areas of till, begin about a mile south of the outlet and extend 
some four miles, curving from south to southeast. Then hay meadow, a quarter of a mile wide, borders the lake 
for the next mile, to the mouth of Sandy river, which comes in at the most southwestern portion of the lake. 

The last third of a mile of Sandy river, about thirty-tive feet wide and four feet deep, flows east, but the 
general course from its sources a few miles southeast of Clearwater lake to its mouth is northwest. Many logsof 
white and red pine have been cut and floated down this stream by the Indians. About a mile west from its 
mouth is the southeast end of a lake nearly one and a half miles long and a sixth toa third of a mile wide, which 
is a favorite resort of wild ducks. Mr. McKenzie described it as bordered by marshy and reedy shores, but 
having a Jarge expanse of clear water, with a maximum depth of seven feet. Its hight 1s only one or two feet 
above Red lake, from which its southeast portion is separated by a belt of marsh and beach sand together about 
a quarter of a mile wide. Its short outlet flows through marsh and hay meadow to the Sandy river. 

Till, thinly overlain in some places by stratified gravel and sand and covered with a magnificent hardwood 
forest, interspersed with occasional groves of white, red and jack pines and scattered spruces and firs, forms the 
south shore from Sandy river to Little Rock creek, a distance of about six miles. For one and a half miles from 
Sandy river to Big Rock creek, the trend is east-southeast: then for two and a half miles itis nearly due east. 
These portions have low shores, not eroded by the lake and consequently strown with only few boulders; but the 
surface rises southward to thirty or forty feet within a mile. Farther eastward the trend is a few degrees north 
of east, and the eroded shores usually rise steeply ten to twenty-five or thirty feet. and are at the base, especially 
about projecting points, bordered by walls of boulders, derived from the till that has been worn away. 

Big Rock creek, flowing into the lake from the southeast, is also called Shell creek for Shel] lake from 
which it issues, where it is crossed by the road from Red Lake agency to White Earth. It takes the former name, 
from two large boulders, each about eight feet in diameter, which lie some five rods apart on the lake shore, 
one on each side of the mouth of this stream. 

About four and a half miles farther east we passed Little Rock point and creck, a quarter of a mile apart 
so-called because of the beach of many little boulders, one to two feet in diameter, which extends an eighth of 
a mile each way from the mouth of the creek. A large boulder, some eight feet in diameter, lies on the shore 
only ten feet east of its mouth, standing up quite alone. An Indian clearing reaches along the shore a third of 
a wile to the east, comprising more than a hundred acres of fertile cultivated land, with several substantial 
houses. | 

Little Rock creek is commonly known as Hay Meadow creck, where it is crossed by the road to White 
Earth about three miles southwest of Red Lake Agency. It there is bordered by a tract of meadow, and a 
quarter of a mile northwest from the road it flows through a small lake. It is called Gravel river by Beltrami, 
who visited and named a series of eight small lakes tributary to it. 

Sections of the bank, about twenty-tive feet high, adjoining the lake west of this creek, are wholly till of 
the ordinary type, excepting that an imperfect stratification was observed in the upper five feet; but an eighth 
of a mile east of the creek, and for three miles onward, the land is stratitied sand and fine gravel, and as no 
boulders are seen along the shore for that distance, it is evident that the underlying till does not there rise to 
the Jake level. Red Water creek, very small, probably named thus in allusion to the bog iron ore of its springs, 
enters the lake half way between Little Rock creek and the Agency. The trend of the shore, along this distance 
of about four miles, 1s nearly due east. 

Boulders are again strown plentifully on the beach for a third of a mile next west of the Agency and Pike 
creek; but the surface, here cleared and cultivated by the Indians, is stratified gravel and sand, yet quite pro- 
ductive, like all the moditied drift of western Minnesota, on account of its considerable proportion of limestone. 
A section freshly exposed, a quarter of a mile west from the mouth of Pike creek was dark soil, one foot; levelly 
stratitied sand and fine gravel, five feet; and ordinary yellowish till or boulder-clay, enclosing many rock frag- 
ments and occasional large boulders, twenty feet, to the level of the lake. Five feet below the top of the till, it 
contains a layer a foot thick, somewhat darker and moister than its other portions. The boulders here and 
about all the lake are, as before noted, nearly all Archean gneiss and granite, micaceous and hornblendic, with 
scarcely any mica schist or other schists. Occasionally a dark or greenish trappeau boulder was found, but no . 
slate, sandstone nor conglomerate, and nothing that seemed referable to the Keweenawan series of lake 
Superior. 
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NORTHERN Part oF THE Route To Cass Lake. 


The route from the Agency to Cass and Leech lakes was examined for a distance of about six miles, to its | 


lower crossing of Pike creek. Nearly a mile east of the Agency it diverges from the west-to-east road leading to 
the chief's village, and passes southeastward. After leaving the level plain of sand and fine gravel, about three- 
fourths of a mile wide, which borders the lake, it pursues a crooked course through an area of very irregular 
knolls, composed similarly of sand and gravel, but deposited in short ridges, mounds and hillocks, twenty to 
forty feet high. Many of the intervening depressions are occupied by small tamarack swamps. The trend of 
the ridges and swamps is more frequently from east to west than in other directions, but this is not usually con- 
spicuous along the course of the road. Occasional boulders were seen on the surface of many of these knolls, 
but nowhere in such numbers as are common on morainic tracts, and no deposits of till or boulder-clay were 
found. Such uneven surface extends two or three miles, and its northern and southern boundaries are each a 
valley-like depression that runs somewhat deviously from east to west. Beyond this belt the road passes over a 
slightly undulating plain of gravel and sand, with the higher parts five to ten feet above the depressions, except- 
ing here and there steep-sided hollows, ten to twenty-five feet deep, often enclosed on all sides with no outlet. 
The northern border of the area of knolls has an elevation of about fifty feet above Red lake, or 1,225 feet, 
approximately, above the sea level. Thence the elevation rises slowly southeastward, so that the plain in the 
vicinity of the lower crossing of Pike creek is about 1,325 feet, and the stream 1,300 feet, above the sea. Farther 
to the southeast deposits of sand and gravel, partly in the knolls and ridges, and partly in nearly flat tracts, are 
said to occupy most of the country to Cass and Leech lakes. The forest on the area examined consists chiefly of 
poplars and bur oaks, and jack and red pines, but contains only rare white pines. No beach formations nor other 
distinct evidence of lake action were observed. 

These gravel knolls were doubtless formed by short glacial streams, flowing down from the border of the 
ice-sheet in its recession, which on this district was probably from southwest to northeast or east. Where the 
belt was crossed by Norwood in 1848, apparently two or three miles farther east, it consists of massive and 
prolonged gravel ridges or kames, described by him as follows: 

“Between three and five miles south of Red lake, we passed three high barren ridges, and one low one, 
with very steep sides, and separated by narrow valleys. These ridges bear nearly northeast and southwest, and 
are composed of sand, intermingled with gravel and pebbles, derived from both crystalline and sedimentary 
rocks, * * * North of the ridges is a valley about three-fourths of a mile wide, thickly covered with small 
cypress [arbor-vitz]. The most northerly ridge (the one next to Red lake) rises only eleven feet above the 
valley, arid is very little higher than the land near the lake shores. The next one south of it is fifty-three feet 
above the intervening valley; and the third one is sixty-six feet above a small stream which flows in the-valley 
between it and the second one; while the summit of the fourth, or most southerly one, is cighty-two feet above 
the bottom of the valley between it and the third. These ridges are not timbered; only a little coarse grass and 
a few scattering bushes grow on them. The valleys support a small growth of such timber as was seen on the 
rolling lands immediately south of them.’'* 


SECTIONS ON PIKE CREEK NEAR THE AGENCY. 


Two interesting sections of the drift were noted in the banks of Pike creek near the Agency (figure 2, 
plate M). East of the bridge on the main road excavations show soil, one foot: a sandy and gravelly unlaminated 
deposit, much like the upper till of New England, three to tive feet, enclosing numerous granite boulders up to 
five feet in diameter, and yielding to my search one striated rock fragment about four inches long; then obliquely 
laminated sand and gravel, chiefly sand, but having layers of gravel in which stones are rarely found as large as 
one foot in diameter, twenty feet, reaching to the level of the stream. About thirty rods south-southeast from 
this locality, the surface deposit at the mill is sandy and gravelly till, four to seven feet thick, enclosing plenti- 
ful rock fragments of small sizes and occasional boulders up to seven or eight feet in diameter, but mostly show- 
ing some indistinct lamination; beneath which are sand and gravel, ten to twenty feet thick, to the pond and 
stream below, horizontally stratified, but with many of the layers obliquely laminated, containing no boulders. 
These observations indicate that the stratified gravel and sand of this plain bordering the south shore of Red 
lake were deposited close to the retreating ice-sheet or even in some places beneath its edge, from which coarser 
and unassorted drift, including large boulders, as in the sections noted, were laid down upon the stratitied beds. 


OBSERVATIONS BETWEEN Rep LakE ann WHITE EARTH. 


The distance in a direct line from the Red Lake Agency southwest to White Earth is about sixty-seven 
miles. By the course of the road it is called eighty miles. Five or six houses, all but one inhabited by 
Ojibways, are scattered at intervals of many miles apart, along this distance. The weekly mail from and to 
Red Lake, at the time of my visit, was carried by an Indian, who usually made the journey afoot both ways in 
tive days. For myself three days of hard travel afoot were required to reach Red Lake from Fosston, coming 
upon this road at Mr. Knud Thompson's; and four day's walking took me out to White Earth. Though con- 
suming so much time, this was almost as expeditious and comfortable as to travel by wagon, because of the 
roughness and bad condition of the road. 

The nearly level plain of moditied drift on the south side of Red lake extends one and a half miles, and is 
succeeded southward by a belt, also about one and a half miles wide, of isolated small plateaus of gravel and 

td . 


*Owen's Report of a Geological Survey of Wisconsin, Iowa, and Minnesota, 1852, p. 328. 
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sand, divided by steep-sided depressions, twenty-five to forty feet deep, some of which contain small lakes and 
tamarack swamps. Boulders are absent or very rare on the plain, but are frequent, with much coarse gravel, 
on the plateaus, so that portions of the latter resemble till. 

Little Rock or Hay Meadow creek, there tive feet wide and a foot deep, forms the boundary between this 
plateau tract and an area of moderately undulating till, over which the road lies for a distance of about four 
miles. This area has much large white pine. In its depressions are occasional lakes, from one of which, named 
Shell lake, a third of a mile wide, lving close east of this road, the Big Rock or Shell creek flows northwest, 
having a width of ten feet and depth of one foot. 

A beach ridge of sand, probably marking the highest level of lake Agassiz, is crossed by the road in the 
northeast corner of sec. 21, T. 150 35, about two miles beyond Big Rock creek. Its elevation above Red lake is 
approximately fifty feet, or about 1,220 feet above the sea. A grove of red pines grows on this sand, but the till 
on each side bears white pines. 

Knolls of grave) and sand begin three-fourths of a mile south of the beach and occupy a belt about two 
miles wide, reaching west-southwest to the Sandy river. Their surface consists of many hills and short ridges, 
having no prevailing parallelism in their trends, with crests ten to twenty feet above the enclosed hollows. The 
material is mostly sand, with some gravel, irregularly stratified, and enclosing frequent boulders, A descent of 
about 100 feet is made in a third of a mile to Sandy river, which at the bridge on this road is about thirty feet 
above Red lake, or 1,200 feet above the sea. It here ows northwest and hasa width of fifteen totwenty feet and 
depth of about two feet. On its southwest side is a flat-topped terrace of sand and gravel, with no boulders, 
having a width of about an eighth of a mile and extending within sight at least a half mile along the stream, 
above which its hight is about sixty feet. For nearly a mile onward the surface is in long kame-like ridges and 
plateaus of sand and tine gravel with no boulders, trending from east to west, with crests gracefully rounded or 
flat and from a few rods to an eighth of a mile wide, elevated ten to thirty feet above the depressions and sixty 
to eighty feet above the river. In one of its larger hollows a lakelet some tifty rods long was seen a quarter of a 
mile west of the road. This area is wooded with red pines. Probably these kame accumulations and the knolls 
on the other side of the river are together the continuation of the belt of similar deposits crossed by mea few 
miles southeast of the Red Lake Avency and by Norwood still farther east. 

Beyond this tract of eskers and kames, the road passes over moderately undulating or rolling till, with 
many boulders, about three and a half miles to the crossing of Clearwater river, one and a half miles west of 
Clearwater lake. This formation also continues nearly ten miles farther, terminating at the south end and outlet 
of Four-legged lake. Its crests are mostly ten to thirty feet above the depressions and occasional lakes, to which 
the descent is often by somewhat steep slopes; but generally this area lacks the rough contour characteristic of 
marginal moraines. 

Clearwater lake has a partially irregular outline, two and a half miles long from northwest to southeast, 
with a maximum width of about one mile. It is surrounded by a rolling surface of till with plentiful boulders, 
which rises, often by the steep bluffs due to erosion, twenty to fifty feet above the lake, being highest on the east 
side. The outlet is at the end of a narrow western bay, where a dam ten rods long raises the lake fifteen feet for 
supplying water during the season of log-driving. Thirty to forty million feet of white and red pine are cut 
yearly on the Clearwater river and its tributaries above this lake, and are floated by the Clearwater and Red 
lake rivers to Red Lake Falls, Crookston, and Grand Forks, in which towns they are sawn into lumber. The 
elevation of Clearwater lake is approximately 1,225 feet above sea level. Its maximum depth, as reported by the 
lumbermen, is about fifty feet. Below this lake the Clearwater river tlows about forty miles in a west-northwest 
course, nearly parallel with the Red Lake river; and beyond this portion it Hows southward and westward to join 
the latter river at Red Lake Falls. It is bordered by moderately rolling till, as at the lake, for several miles; 
thence, entering the area that was covered by lake Agassiz, itruns a long distance meanderingly through marshes 
and hay meadows only a few feet above the stream and subject to occasional overflows from it. 

Four-legged lake, bearing the name of an Ojibway who lived beside it, lies close east of the road. Its 
‘outlet flows westward to Rutfee creek, called by the Ojibways Four-legged creek, which joins the Clearwater 
river ten or twelve miles below Clearwater lake. It has a very irregular form, comprising an area of nearly two 
square miles, with low shores of moderately undulating till, covered on the east and southeast by a forest of 
white pine. This lake is about 200 feet above Clearwater lake, or 1,425 fect above the sea. 

Small knolls of sand and gravel, having a very uneven surface, with crests ten to twenty feet above the 
hollows, occupy the next one and a half miles south of Four-legged lake. Then the road for two miles traverses 
a morainic belt of steep hillocks and small ridges, twenty to thirty feet high, composed mostly of sandy and 
gravelly till with many boulders of all sizes up to eight or ten feet in diameter. This is succeeded southward 
by a width of nearly two miles of moderately undulating till; and the same formation, in large part oyerlain 
thinly by nearly level deposits of gravel and sand, covered with jack pine, reaches thence about six miles south- 
ward to the upper crossing of the Clearwater river at Mr. T. B. Walker's “depot camp.” 

The Clearwater river, flowing easterly at this crossing, has eroded a valley about fifty feet deep and from 
an eight toa half of a mile wide. A dam, about thirty rods long, is built here for logging purposes, having 4 
head of ten or twelve feet. Excavations at each end of this dam show sand, ten feet or more in thickness, over- 
lain by about thirty feet of till, The same layer of sand probably extends a mile and a quarter south, where 
Knud Thompson’s well in the south edge of the S. W. 14 sec. 36, T. 147-38, was dug to a depth of 106 feet, 
finding the following order of deposits: dark soil, one foot; yellowish till, requiring to be picked, ten feet; dark 
bluish till, which was also picked, twenty feet; yellow sand, twenty feet; again blue till, picked, forty feet; and 


GEOL. NAT. HIST. Sur. MINN. PLATE VV. 


Fic. 1. TEMPORARY LABORATORY, CAMP OVERDONE, Hoopoo Porn. 


Fic. 2. THE FIELD OUTFIT ON THE PLAINS. (p. 160.) 


BELTRAMI COUNTY. 165 
Between Red lake and White Earth.] 


yellow gravel, fifteen feet to bed-rock, thought by the workmen to be limestone. No supply of water was 
found. The elevation of the surface at Mr. Thompson's is approximately 1,500 feet above the sea; and of the 
Clearwater river at the “depot camp,” 1,400 feet, being thus nearly 200 feet above its lower crossing. Between 
these points the river flows in a long detour to the east and north, probably thirty miles. 

Moderately undulating or rolling till, bearing occasional groves of large white pines, stretches from the 
Clearwater river and Thompson’s ten miles southward to the Wild Rice river. Thirty or forty years ago the 
greater part of this area was occupied by a stately white pine forest, which has been mostly destroyed by fires, 
leaving the land bare or covered with bushes and small poplars. 

Between two and three miles north of the Wild Rice river the road crosses a somewhat morainic tract: 
with very plentiful boulders. Its elevations, trending mostly from east to west, rise some sixty feet above that 
stream, and twenty-five to forty feet above the average of adjoining areas. A few miles farther east a massive 
moraine of steep and irregularly grouped hills, 100 to 150 feet high, was seen along the east side of Mosquito 
brook for about three miles northeasterly from the north end of Lower Rice lake. Similarly conspicuous 
morainic hills, forming a belt, three miles or more in width, also border the western part of the Upper Rice lake. 

The Wild Rice river at this crossing, about a mile west from the north end of the Lower Rice lake, is five 
to seven rods wide and six to eighteen inches deep. It is only ten or fifteen feet below the general level of the 
region, having no noteworthy valley. Numerous boulders up to seven feet in diameter, mostly granitic but 
including rarely one of limestone, lie in the channel. Its elevation and that of Lower Rice lake are approxi- 
mately 1,450 feet above the sea. This lake, through which the river flows, is four miles long from south to north 
and about a mile wide, varying in depth from one to five feet, and filled throughout nearly its entire area with a 
luxuriant growth of wild rice; so that its appearance in summer, when seen from a distance, is that of a grassy 
marsh, Nearly all of this valuable grain that is gathered for food by the Indians of the White Earth reservation 
is obtained here. 

Southwest of the Wild Rice river, the road for the next seven miles passes over a tract of moditied drift, con- 
sisting of flat or slightly undulating sand and fine gravel, with the higher portions only five or ten feet above 
the depressions, to which the descent is by long and gentle slopes. Its hight above the river and the Lower Rice 
lake is twenty to forty feet. Part of this tract is wooded with small jack pines, but fully half of it is prairie. 
Its width reaches at least one or two miles on each side of the road, as far asthe view extends. 

About two miles southwest of Mountain lake and creek, and thence onward four miles to the Twin lakes, 
the morainic belt on the east approaches nearly or quite to the road, which there crosses low knolls and eskers of 
sand and coarse gravel, with crests ten to twenty-tive feet above the depressions, mostly trending from north to 
south, either prairie or sparingly wooded. The morainic hills, composed of till with many boulders, and having 
the usual very rough contour, rise to hights of 100 to 200 feet above the road within one to two miles east, bear- 
ing small hardwood and occasional p nes. Many portionsof this range were formerly covered with a valuable 
forest of white pine, now mostly burned, but still remaining on its crest east of the Twin lakes. Another tract 
of large white pine woods, probably marking a low belt of morainic till fifty to seventy-five feet above the Twin 
lakes, was seen on their west side and along a distance of several miles northward. 

The Twin lakes, Heron Jake, and White Earth lake are approximately 1,500 feet above the sea, being about 
100 feet below the White Earth Agency. Between the Twin lakes the road lies on a tract of moderately undu- 
lating sand and gravel ten to twenty feet above these lakes, west to the outlet from the south to the north lake, 
a stream four to six feet wide and three to six inches deep. Within the next half mile west the road runs along 
the south side of a kame of sand and fine gravel, taventy-five to forty feet high, and esker- like deposits extend about 
half a mile farther southwest. Next are two miles of till with abundant boulders, in low morainie accumula- 
tions, the contour being a diversified assemblage of Knolls, hillocks, and short ridges, more frequently trending 
from east to west than otherwise, but rising to elevations only ten to fifty feet above the intervening hollows and 
plentiful lakes. 

Thence to the southwest end of the South Heron lake, a distance of about four miles, the surface continues 
similarly uneven but with no prevailing trend, and the material is sand and coarse gravel in eskers, contain- 
ing waterworn cobbles up to eight or twelve inches in diameter but no larger boulders. These deposits were 
once partly covered with red and white pines, of which here and there a dead trunk remains standing. At 
present considerable tracts are wholly destitute of timber, while others bear small poplars. 

From South Heron lake tothe White Earth Agency the surface is till. For two miles, to White Earth 
lake, it has a morainic contour, with elevations ten to forty feet above the hollows and lakes, fut these show no 
noteworthy parallelism in their trends. The forest has no pines, but consists of a heavy growth of deciduous 
species, including bur and black oaks, elm, hackberry, basswood, canoe birch, and poplars. Between the mouth 
of White Earth lake and the Agency, a distance of six miles, the same hardwood forest alternates with areas of 
prairie, and the surface is moulded in smooth swells and massive, broadly rounded, low hills, twenty-five to fifty 
feet above the abundant Jakelets, which are of all sizes from a few rods to a mile or more in length. The till here 
seems more clayey, and the soil more fertile than in any portion of the country about Red lake, or thence south- 
ward along this road to the vicinity of White Earth lake. 


The field outfit of the survey on the plains is shown in figure 2, plate VV, a 
photograph taken before starting in the morning. 


CHAPTER VIII. 


THE GEOLOGY OF ITASCA COUNTY.* 


By U. S. GRANT. 


Situation and area, Ttasea county (plate 65) is the central one in the tier of 
seven counties on the northern side of the state, bordering on Canadian territory. 
The county is approximately rectangular in outline, the greatest length (north and 
south) being 116 miles, and the width sixty-two miles. The area was formerly 
5,878.88 square miles, or 3,762,483.01 acres, of which 5,662.27 square miles (3,624,041.22 
acres) are land, and 216.31 square miles (135,438.89 acres) are water.t Since the 
foregoing figures were compiled (by Hon. H. H. Young, previous to 1S84), 256 square 
miles have been taken from Cass county and added to Itasca county, making the 
present area of Ttasca county 6134.88 square miles. The area thus added is the triangle 
bounded on the northeast by the Mississippi river, on the south by the south line 
of T. 53 N., and on the west by the west line of R.27 W. Itasca county thus becomes, 
with one exception (St. Louis, 6,611.75 square miles), the largest county in Minnesota. 


SURFACE FEATURES. 


Natural drainage. Itasca and St. Louisscounties are the only two counties 
which lie in the three great drainage basins of the state, /. ¢., the basins of (1) Hud- 
son bay, (2) The gulf of St. Lawrence, and, (3) The gulf of Mexico. 

(1). Hudson Bay basin, About two-thirds of the area of Itasca county is drained 
eventually into Hudson bay, largely through the Rainy river, which runs westward 
along the northern side of the county. The southern limit of this drainage, or the 


*The material for the chapter on this county has been collected from the following sources: Field work of H. V. WINCHBLL 
in 1887 and his report (Sirteenth Annual Report, pp. 303-478); tleld work of N. H. Winch enn in 1888 and his report (Fighteenth 
Annual Report, pp. 18-19); field work of WARKEN UPHAM in 188 and his report (Jieenty-second Annual Report, pp. 18-6); field 
work of G. E. CULVER in 18 and his report (Firentu-sccond Annual Report, pp. W-114): field work of H. V. WINCHELL and U.S. 
GRANT in 1804 and their report (Jieentu-(hird Annual Report, pp. 36-105); report on the geology of the Rainy lake region, by A. 
C. Lawson (Geol. Surecry of Canada, new series, vol, iii, part i, pp. LF-182F.) We are also indebted to Hon. 8S. P. SN1DER and MR. 
R. M. BENNETT, of Minneapolis, for certain information concerning the Mesabi irun range. 

This chapter is necessarily incomplete for two reasons: #'irst—A large part of the county is unsettled and has not been 
visited by parties of the survey. Only part of the southern third of the county has been examined in detail, and for our know!l- 
edge of the rest of the county, except for the district around Rainy lake, we are principally dependent on reports of canoe trips 
along the Big Fork and Little Fork rivers. Second—The writer of this chapter has seen only asmall portion of the county,—in 
fact, the only part of it which he has visited is a limited area around Rainy lake, in the extreme northeastern part of the county. 
Thus the chapter is, of necessity, largely a compilation. No attempt is made to indicate the sources for each item of information ; 
the general acknowledgment to the sources given above is considered suflicient. 

+ These figures are taken from p. 115, vol. i, of the final report of thissurvey. Since the publication of that volume a number 
of the unsurveyed townships have been surveyed, and it seems that a careful determination of the land and water areas in these 
townships would chanve the figures given above. The water area (216.31 square miles) certainly seems too small. especially when 
compared with the adjoining county on the cast (St. Louis), whose water area is given as 774.49 square miles exclusive of any Sart 
of lake Superior. , 
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divide between waters flowing into Hudson bay and those flowing into the gulf of 
Mexico, has approximately the following course: On the west it enters the county in 
T. 148-29, and runs southeast, keeping south of Bowstring lake, into T. 146-25, where 
it turns northeast and continues in this direction to the southern part of T. 60-24, 
thence running eastward to the eastern edge of the county. The lakes and streams 
to the north of this divide, with the exception noted below, empty into the Rainy 
river, principally through the Big Fork (Bowstring) and Little Fork rivers. The former 
flows northward through the central part of the northern half of the county and the 
latter flows northwest through the northeastern quarter of the county. The only por- 
tion of the northern two-thirds of Itasca county which is not drained by the Rainy 
river is a comparatively small district lyingin the central part of the western side of 
the county. This area, comprising about 300 square miles, drains westward into 
Red lake, whose waters eventually find their way to Hudson bay. 

(2). Gulf of St. Lawrence basin. The part of the county which lies in this 
basin is very insignificant. A small area, not exceeding forty square miles, in the 
southeastern corner of the county, is drained by a branch of the Floodwood river, 
which is a tributary of the St. Louis. This small area is largely included in T. 53-22. 

(3). Gulf of Merico basin, That part of the county lying south of the divide 
mentioned under the Hudson Bay basin is, with the exception of the small area 
belonging to the gulf of St. Lawrence basin, drained by the Mississippi river into the 
gulf of Mexico. The principal tnbutaries of this river in Itasca county are the 
Prairie and Swan rivers. About one-third of the area of the county belongs in this 
drainage basin. 

In general, it may be stated that Itasca county is poorly drained. This is 
evinced by the larger number of lakes and swamps in the southern part of the 
county, and by the extensive swampy areas im the northern part. 

(4). Lakes. The southern third of Itasca county contains numerous lakes and 
ponds of all sizes from those an acre or less in extent to those of several square miles 
of surface area. The majority of these lakes are in the drainage basin of the Mississ- 
ippl. They are scattered in the vicinity of Grand Rapids, the county seat, but are 
more especially numerous in the district ten to thirty miles north of this town. 
Many of these lakes, especially the smaller ones, have no surface outlets. The north- 
ern half of the county contains practically no lakes, but Rainy lake borders on the 
northeastern corner of the county. The two largest lakes lying entirely within the 
county are Bowstring lake, containing about twenty-three square miles, and Poke- 
gama lake, containing about ten square miles. Lake Winnibigoshish,* lying near 
the southwestern corner of the county and partly contained in Cass county, is a 
comparatively shallow body of water some fifty miles in area. Net lake is on the 


* See p. 57 of this volume. 
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eastern side of the county and contains about eleven square miles. Rainy lake is by 
far the largest lake bordering on Itasca county. The surface of this lake, inclusive 
of islands, has been computed to include 344 square miles, its greatest known depth 
is 110 feet, and the average depth is not far from forty-seven feet. Only a small 
part of its surface lies in Itasca county. 

(9). Importance of rivers and lakes, It is only within the last few years that 
the southern part of the county has been reached by railroads, and even now the 
area traversed by railroads and wagon roads is only a small part of the whole. The 
Mississippi and Rainy rivers are large enough to admit of the use of steamboats, and 
the latter river is regularly supphed with boats running from the Canadian Pacific 
railroad at Rat Portage, at the north end of the Lake of the Woods, to Koochiching, 
where a fall (see plate O, figure 2) in the river prevents further navigation, but 
above this fall boats ply on the waters of Rainy lake. Before the advent of rail and 
wagon roads, in all the county, and now in a large part of it, almost the only means 
of travel in the summer season was by canoe through the various lakes and along 
the streams. The canoe routes along the Big Fork and Little Fork rivers offer at 
present almost the only access to the interior of the northern half of the county. 
In the winter season considerable traveling is done on “winter roads,” which on 
account of the lack of improvement and the large swampy areas, are frequently 
impassable during the summer months, 

Topography. The surface of Itasca county is comparatively level and there are 
no very promiment elevations—no districts which approach at all towards the moun- 
taneous-—but hills, which rise fifty to seventy-five feet above the surrounding 
country, are not uncommon, and occasionally they rise to three or four times fifty 
feet. We may compare the surface to a plain whose surface, it is true, contains 
slight inequalities or undulations. This plain slopes very gently in two directions 
from a line which is the divide between the waters flowing into Hudson bay and 
those flowing into the gulf of Mexico. (See page 167). On the south of this line the 
plain slopes south and southwest to the Mississippi river, and on the north the slope 
is north to the Rainy river. This line, however, only divides the plain into two 
areas of different slope, but does not divide it into two areas which are topographi- 
cally distinct. The plain is, nevertheless, capable of division into two districts 
topographically distinct, in one of which the surface of the plain is undulating, and 
in the other it is more nearly a true plain. The first of these districts may be called 
the drift district and the second the luke-bed district. The dividing line between the 
two districts is the shore line of the glacial lake Agassiz, whose course is shown on 
the map (plate 65). The country lying south and east of this shore line belongs to 
the first district, and that lying north and west to the second. There is another 
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very small topographic district, quite distinct from the two others, in the extreme 
northeastern corner of the county. This is called the rocky lake district. 

(1). Drift district. This district is so called from the fact that its topography 
is almost entirely conditioned by drift deposits. In only a few places do the under- 
lying rocks appear at the surface. While the actual elevation of some parts of the 
county, notably the ridge just to the north of the Mesabi iron-bearing rocks in T. 
57-23, and probably that lying southwest of Pokegama lake, is due to elevations of the 
rock surface underlying the drift, still the actual form of the present surface is con- 
ditioned by the drift which covers, sometimes to a thickness of many feet, the under- 
lying rock surface. Thus the present surface is, in its form,-due to the drift deposits, 
though the actual elevation of the surface is sometimes dependent on the altitude of 
the rock surface beneath the drift. As the surface is thus so similar to that of many 
other counties of the state, which have already been described, it will not be 
necessary to speak of it in detail. In brief, the surface of this part of Itasca county 
is moderately undulating, with some areas which are knolly or hilly, and others— 
often quite large areas—which are nearly level. The lakes and swamps le in the 
lower parts of the nearly level and undulating districts, while in the hilly districts 
they occupy the small depressions between the hills. 

The most pronounced elevations in the county are the two ridges spoken of 
above. The first of these is about four miles in length and runs west-southwest from 
the south end of Pokegama lake. The ridge lies in secs. 22, 28, 27, 28, and 29 of T. 
4-26, and its highest point ts 1,617 feet above the sea, or nearly 350 feet above Poke- 
gama lake. The other ridge hes along the north side of the Mesabi iron-bearing 
rocks and reaches an altitude of over 1,600 feet in the northeastern part of T. 57-23. 
This is the highest known point in the county, but considerable higher altitudes are 
reached by the same ridge (the Giant's range) to the east in St. Louis county. There 
are other hilly districts which will be mentioned under the moraines of the county. 

The level or approximately Jevel areas are, at least when their extent is con- 
sidered, as noticeable as the hilly areas. As has been stated above, the surface is 
largely a plain with little differences in elevation. This fact is brought out clearly 
on comparing the elevations along the line of the Duluth and Winnipeg railroad 
from Wawina, in the southeastern corner of the county, to the crossing of Downes 
creek west of Round lake. From Wawina, which is in the drainage basin of the 
gulf of St. Lawrence, the road passes over the divide between this basin and that of 
the gulf of Mexico, touches the Mississippi river at several points, and then passes into 
the basin of Hudson bay. Thus, in this distance of sixty-six and a half miles the 
road runs in three continental drainage basins, but its extreme altitudes are 1,268 
and 1,350 feet above the sea, or a difference of only eighty-two feet. Northwest of 
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Downes creek the road reaches an altitude of 1,442 feet along the ridge which sepa- 
rates the waters flowing into the Big Fork (Bowstring) river from those flowing into 
Red lake, but this divide is only 174 feet above Wawina, the lowest point of the 
railroad in the county. Another striking instance-of the general flatness of parts 
of the county is shown in the swamps and muskegs, some of which reach a 
dimension of many square miles. One of these level areas exists in the vicinity of 
Swan river station, especially to the east of this point. 

(2). Lake-bed district. This includes that part of the county north of the 
shore line of the glacial lake Agassiz, except the area directly adjacent to Rainy lake. 
In general surface form this area was formerly quite similar to the drift district of the 
county, but since the ice retreated from the northern part of the county it has been 
considerably modified by deposits in the bed of the glacial lake Agassiz. These 
deposits have covered up and obliterated in part the ancient drift surface, so that 
the land is now very flat, having a slope toward the north which is too small to 
allow good drainage. As a consequence this part of the county contains extensive 
swanipy areas, and it is usually only along the banks of the streams, which flow in 
sinuous channels five to forty feet below the level surface, that much dry land 1s 
found. In places the rivers have cut down through the veneer of lake deposits into 
the drift and occasionally to the underlying rock. 

(3). Rocky lake district, As already stated the part of the county included 
in this district is only the immediate vicinity of Rainy lake. Here are low rounded 
bosses of rock, alternating with water and swamp areas. Very little drift is found 
and the soil is usually quite thin and frequently lacking altogether. This type of 
topography reaches an extensive development toward the east in the northern part 
of St. Louis, Lake and Cook counties and will be mentioned more fully in the descrip- 
tions of those counties, and also in the appendix to this chapter. 
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The average elevation of Itasca county has been estimated by Mr. Warren Upham at about 1,280 feet 


above sea level. Below are given the elevations of a number of points: : 
Duluth and Winnipeg railroad. 
Miles from Feet above 
Duluth. sea level. 

Wawina, - - - - : : : . ‘ : 69.8 1,268 
Swan River station (crossing of D. M. R. and N. R. R.), - - 74.4 1,293 
Summit, in deep cut, 900 feet long: natural surface, 1,333; grade, , 75.2 1,303 
Swan River, bed, 1,257; water, 1,264; high water (1888), 1,272; grade, ——- 718.7 1,276 
Blackberry, - - - - - - - - - 85.6 1,300 
Blackberry brook, bed, 1,271; grade, - c 2 * . ; 86.1 1,298 
Summit, cutting 5 feet; grade, —- : : : : : 88.0 1,299 — 
Prairie river, bed, 1,244; water, 1,246; grade, 2 - : . 90.5 1,283 
La Prairie, - - 2 - - - = - - 91.2 1,283 
Grand Rapids, = - : He = 3 : - Z - 93.8 1,287 
Pokegama falls, Mississippi river above the dam, bed, 1,269; water, 1,276: 

e grade, - - - - : : - : - 96.4 1,285 
Summit, in deep cut, 1,000 feet long; natural surface, 1,323; grade, = 97.3 1,297 
Bass brook, bed, 1,268; water, 1,275; grade, i : . : 98.0 1,285 
Cohasset, - - - - - - - - : 98.3 1,284 


Summit, cutting 6 feet; grade, - - 3 2 : . 101.9 1,312 
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Miles from Feet above 
Duluth. sea level. 
Deer river, bed, 1,271; grade, . - : : é 5 107.0 1,281 
Deer River station,* - - - - - - - 108.5 1,291 
Summit, cutting 6 feet; grade, : : = 7 i . 111.1 1,322 
Stream, bed, 1,281; grade, - : - . : - - 115.5 1,296 
Summit, cutting 3 feet; grade, - A - 5 : : : 116.6 1,311 
Stream, bed, 1,278; grade, - - - - - - - 118.2 1,291 
Summit, cutting 3 feet; grade, - - - . - - 121.6 1,317 
Outlet of Cut Foot Sioux lake, water jever with lake Winnibigoshish, 

1,292;t grade, - t - - - : : z 125.4 1,299 
Summit, cutting 9 feet; grade, - - - - - - 128.0 1,314 
Pigeon river, bed, 1,301; grade (not at nde - - - - 134.0 1,310 
Pigeon river, bed, 1,306; water 1,308; prade, - : - : 130.9 1,313 
Summit, natural surface and grade, - - - - - 134.4 1,350 
Downes creek, bed, 1,317; grade, : = ; - : - 136.2 1,339 
Summit, natural surface and grade, - - - - : 143.7 1,383 
Creek, bed 1,363; grade, . - - : : : : 144.7 1,372 
Summit, cutting nearly 20 feet; grade, — - : 5 : : 150.7 1,442 
McMillan creek, bed, 1,359; grade, -  . - - - : 155.1 1,388 
Summit, cutting, 5 feet; grade, - - . . - 155.4 1,391 
Armstrong creek, bed, 1,341; grade,t - - - : 7 = 157.1 1,365 

Duluth, Mississippt River and Northern railway. 
Miles from Feet above 
Mississippi. sea level. 
Mississippi, southern terminus of railroad, — - - - - - 0.0 1,242 
Swan river, water, 1,226; grade, — - a - - : 0.5 1,241 
Highest level between the two crossings of Swan river, natural surface, 

1,276; grade, - - - - - - - 2.1 to 3 1,271 
Swan river, water, 1,252: seats : Z 2 é - 3.5 1,261 
Swan River station (crossing of Duluth and Winnipeg valeoadl: grade, - 6.7 1,293 
South side of S. BE. 14 sec. 29, T. 54-23, creek, bed 1,308; grade, - 10.0 1,315 
N. part of sec. 16, T. D4-22; grade, - - - - 12.8 1,418 
S. W. 14 sec. 35, T. 55-22, natural surface, 1,166; grade, - - - 15.7 1,456 
Creek, bed 1,391; grade, - - - . - - - 17.2 1,405 
Creek, bed 1,360; grade, - - - - - - - 18.7 1,369 
Creek, bed 1,350; grade, - ; 3 2 é 4 : 19.3 1,366 
Creek, bed 1,338; grade, : b - - - - 19.9 1,345 
Creek, bed 1,336; grade,§ - - - - - - - . 21.0 1,347 


Mississippi river. 
Feet above 


sea level. 
At southwest corner of Itasca county, - - - - - - 1,299 
Lake Winnibigoshish, also Little Winnibigoshish inks: ati - - - - 1,290-1,293 
Lake Winnibigoshish, as raised by dam of reservoir system,{ — - - . - - 1,298 
Mississippi river at head and foot of small rapids three miles below Little Winnibigoshish ) 
lake, - - - . - - - - - 1,288 -1,287 
At mouth of Leech Take river, - - - - - - - - - 1,279 
At White Oak point, - - - - - - - - - - 1,276 
At mouth of Vermilion river, - - - - - - - - - 1,273 
At outlet of Pokegama lake, formerly — - - - - - - - - 1,270 
At head of Pokegama falls, formerly - : - : : - - - 1,269 
- Same, as raised by dam, - - - - - - 1,275 
At foot of Pokegama falls, 900 fect from fie ee - - - - - - - 1,254 
At head of Grand Rapids, one-third mile from the last, - - - - - 1,248 
At mouth of Split Hand river, - - - - - - - - 1,236 
At southern edge of Itasca county, . . - - - - : : 1,230 

Other elevations. Feet above 

sea level. 
Summit of ridge in N. E. 44 sec. 28, T. 54-26, about - - - - - - 1,617 
Summit of ridge in secs. 11 and 12, T. 57-22, about - - - - - - 1,675 


(Probably the highest land in Itasca county). 


* Road not constructed beyond this point when these elevations were determined. 

+See altitude of lake Winnibigoshish given under Mississippi river on this page. 

{ The crossing of Armstrong creek ia probably near the west line of Itasca county. 

$ This point is near the eastern edge of Itasca c¢ county. 

i This dam is constructed with capacity to raise the lake to 1,304 feet, but it is not expected that it will be raised higher 


than 1,300 feet. 
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Feet above 

sea level. 
Pokegama lake, formerly - 0 - - - - - 1,271 
Same, as raised by dam, - - - 1,275 
Bowstring lake, - - - - - - . 1,321 
Deer lake, south side of T. 57-26, - : : : - : : 1,307 
Wabhano lake, centre of T.o7 2, — - - - . - - - 2 1,298 
Trout lake, south side of T. 58-2, : : 2 : : - . 1,300 
Spider lake, west side of T. 58-25, — - - - ; oe - : 1,325 
Ruby lake, N. W. 14 T. 08 25, — - ; : : - - - - 1,312 
Rainy lake, . - - . - : . . - - . 1,111* 
Rainy river, at outlet of Rainy lake, - - - - - - ‘ - 1111 
Rainy river, below second rapids at outlet of Rainy lake, - - - - - 1,108 | 
Rainy river, at head of Koochiching falls, : d : 4 - - 1,107 
Rainy river, at foot of Koochiching falls,t — - - - . - - - - 1,084 
Kabetogama lake, : : 2 ‘ : : : : - 2 1,121 


Soil and timber. The soil of the county is similar to that of the counties to 
the south and west. In general the county may be divided into two districts as far 
as soil is concerned, The first of these includes the district. deseribed under the 
section devoted to topography as the drift distriet, and the second is there described 
as the lake-bed district. The first distriet includes the southern half of the county. 
Here the subsoil is till, or modified drift, and the surface soil is usually black loam. 
In but comparatively few districts does the till contain sufficient gravel and boulders 
to render the soll unfit for cultivation. Some areas of the stratitied drift are too 
sandy, but as a rule the soil of the southern part of Itasca county is. very fertile, 
and that of the northern part of the county is as fertile, if not more so. All the 
usual farm products of the state can be raised in this county, except perhaps the 
ordinary Indian corn. Farming has been ‘carried on in the county but a compar- 
atively few years, wlnle that part of Ontario, bordering on the Rainy river, has been 
cultivated successfully for many years. Many of the swampy areas can be easily 
and cheaply drained, and thus many more areas of fertile ground can be added to 
that which is naturally well drained. The recent establishment of a state agri- 
cultural experiment station at Grand Rapids will undoubtedly materially aid in the 
settlement of the county by a farming community. Other remarks on the soil of 
Itasea county will be found in the appendix to this chapter. 

None of the county is in the prairie area of Minnesota, and it was all 
originally timbered. The only exceptions to this statement are the marshy areas 
along some of the streams and lakes. Of course the most valuable timber is the 
white and red (Norway) pine, which have been extensively cut for lumber. Next 
in importance is the hard, or sugar maple. These three trees grow on the drier 
ground, and are, especially the white pine and sugar maple, almost exclusively con- 
fined to the areas of till. Another pine, the jack omBank’s pine, is quite common, 
but is of httle value. It grows usually on sandy soil. Other trees are spruce, 


* Ax determined by leveling from Ely along the international boundary, done by L. A. OGAARD for the Geological and 
Natural History Survey of Minnesota, 

+ By leveling by L. A. OGAAkD for the Koochiching company this fall was found to be twenty-one feet in high water and 
twenty-four and a half feet in low water. 
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tamarack, balsam fir, elm, scrub oak, basswood, white birch and balsam poplar, the 
last two being abundant in areas in which the original forest has been destroyed 
by fire. Hardwood timber was the chief original growth in certain parts of the 
southern half of the county, as in T. 54-26, and it also occurs quite frequently in 
the northern half of the county, and also along the Rainy river. The white pine, 
the red pine and hard maple form the-chief lumber supply of the county, which is 
by no means yet exhausted. The large swampy areas will soon become of import- 
ance as furnishing extensive supplies of spruce timber for pulp in paper making. 

A very noticeable feature in the flora of Itasca county is the prevalence in cer- 
tain areas of deciduous trees; in this respect the flora is in marked contrast with 
that of the counties to the east. In the northern edge of the county there is a very 
sudden change in the character of the timber as one passes, at the west end of 
Rainy lake, from the country of rock to the level plain of clays. On the former the 
timber (original growth) is usually not large and it is composed chiefly of conifers, 
while on the latter the growth is larger, and deciduous trees abound. Along the 
Little Fork and Big Fork (Bowstring) rivers there is plenty of good timber. The 
banks of the latter stream,- along the last ten miles of its course, contain the 
following: basswood, soft maple, elm, black ash, white ash, white oak, aspen, white 
birch, balm of Gilead, box elder, three varieties of willow, ironwood, cottonwood, 
spruce, white cedar, Norway pine, jack pine, mountain maple, dogwood, cherry, 
alder and Juneberry.’ In the ten miles higher up the stream, groves of fine Norway 


pine are seen at intervals. 


An interesting feature in many parts of Itasca county is the manner in which certain lakes are “growing 
up” to swampy areas. Thus, many of the swamps were formerly shallow lakes, although this is not the origin of 
all the swampy areas, especially those of large extent. In the shallow lakes vegetation is frequently quite rank 
and by its growth and decay adds slowly to the land surface, which thus gradually intrudes upon the water 
area. This process of filling in of a lake is more rapid in shallow water and along shores or in bays where the 
vegetation is not broken up by the action of waves. As the lake is becoming filled with vegetable matter the 
solid areas extend farther and farther from the shore, while the centre of the lake may still be open water. In 
many places this process of lake filling can be distinctly seen in operation. At the centre is an area of open 
water in which grow a few water plants (pond lilies, etc.) These increase in number farther from the centre 
and are gradually replaced by other plants (cat-tails, etc.,) which grow in marshy spots. Outside of this is an 
area which sustains moss, a few shrubs and grass. Such an area forms a meadow, and in the latter part of the 
summer this becomes drier and often furnishes a considerable crop of hay. Beyond this occur scattering, small 
tamaracks and spruces surrounded by the meadow plants. Such an area, i. e.,a comparatively open swamp 
with scattered, small tamaracks and spruces, is called a muskeg. (These muskegs are very common in Itasca 
county, and they sometimes are many miles in extent, but the larger ones probably do not originate from the 
growing up of shallow bodies of water.) Beyond the muskeg proper the trees increase in size and number, form- 
ing a typical tamarack or spruce swamp, and beyond this is higher and drier ground, usually supporting pines 
and hardwood, which represents the shore of the old lake. The relation of these different zones of plant growth 
in a lake which is being filled in can be seen in numerous localities and has been well described.* 


*Conway MacMILLAN. Bull. Torrey Botanical Club, vol. xxiii, No. 12, pp. 500-507, plates 279-281, December, 1896. 
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GEOLOGICAL STRUCTURE.* 


The rock formations which occur in Itasca county are of different ages, includ- 
ing both the oldest and the most recent known to man. The different strata are 


included under the following divisions, the most recent being placed at the top: 
Post-glacial. 
Glacial. 
Cretaceous. 
Animikie. 
Post-Archean dikes. 
Archean. 

The Archean. The rocks ineluded in this division are divided into three 
groups. These groups are the granitic rocks, the Coutchiching and the Keewatin. 

(1). Granitic rocks. The term Laurentian has been applied frequently to 
these rocks, but as an age term it is objectionable because some, if not a large part, 
of the rocks which have been included under it are eruptives of later date than the 
Laurentian, while others may be of Laurentian (pre-Keewatin) age. Our present 
knowledge allows us to state positively that some of these granitic rocks are post- 
Keewatin (or later) eruptives, but it does not allow us to indicate just which rocks 
in Itasca county are actually of Laurentian age. It is not the writer’s intention to 
affirm that there are no Laurentian rocks in Itasca county, but the fact still remains 
that no one 1s at present able to state with certainty where such rocks are, although 
it seems most probable that future work will enable us to recognize them. As 
far as known to the writer there is not in Itasca county, nor for that matter in the 
northeastern part of the state, any considerable area of rocks which might properly 
be called true gneisses. In fact all of the rocks heretofore mapped as Laurentian in 
this part of the state are more properly termed granites, or gneissoid granites when 
they possess parallel structures. It is true that a small part of the rocks mapped as 
Coutchiching (or Vermilion) might properly be called gneisses, but such rocks are of 
of small extent and are more conveniently and more accurately classed with the 
mica schists to which the name Coutchiching has been applied. 

In composition these granitic rocks are mainly granites, 7. e., they are plutonic 
rocks composed of quartz, alkali feldspar and another mineral which may be horn- 
blende, biotite, augite or muscovite. Sometimes more than one of the latter minerals 
are present, but the essential minerals are the quartz and alkali feldspar. As the 
quartz decreases in amount the rock varies to a syenyte, or to a dioryte when the 
feldspar becomes principally a lime-soda variety. Syenytes and diorytes are both 
found among the granitic rocks of Itasca county. These rocks are frequently. more or 
less schistose and have some of their minerals elongated in a common direction, and 
can be termed gneissoid granites, but, as already stated, they do not form true gneisses. 


*The discussion under this head is frequently rather summary and brief. Additional matter concerning the Archean 
in the vicinity of Rainy lake will be found in the appendix (Preliminary report on the Rainy lake gold region) to this chapter, 
while further information concerning the Giant’s Range granite and the Animikie will be found in the chapters devoted to the 
special parts of the Mesabi iron range included in Itasca county, f. ¢., the Pokegama Lake, Grand Rapids and Swan Lake plates. 
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Some of these rocks are intrusive into the surrounding rocks, while others may 
not be. But in no case in northeastern Minnesota do these Archean granitic rocks 
in themselves present good evidence of having once been sediments, no matter what 
theory may be proposed for their origin.* They can thus be considered as eruptive 
rocks, although of course not necessarily in every case of later date that the rocks 
with which we now find them in contact. 

In Itasca county granitic rocks occur in several localities as given below. 
Additional localities for such rocks may be found when the county is explored more 


carefully. 


Giant’s Range. This belt of granite lies just tothe north of the rocks of the Mesabi iron range. The 
granite forms a ridge which extends from the eastern side of the county southwest to and beyond the falls of 
Prairie river near the south side of T. 56-25 W. The southern limit of this granite belt can be quite definitely 
located, but the northern limit is unknown, being concealed by the drift. The southern limit enters the county 
near the northeast corner of sec. 12, T. 57-22, crosses the south line of T. 57-23 in sec. 33, crosses the west line of 
T. 56-24 near the northwest corner of sec. 19, and crosses the south 1ine of T. 56-25 in sec. 33, beyond which 
outcrops are not known. This granite varies considerably, being sometimes of a reddish and sometimes of a gray 
color, at times of quite coarse grain and again finer. The chief minerals are quartz, feldspar, black mica (biotite) 
and hornblende. In places this granite takes on a parallel or streamed structure, as at the Upper falls of Prairie 
river, where the granite has been described as lying in nearly flat beds. In Itasca county this granite has not 
been found in contact with other rocks, except the Animikie strata which overlie it unconformably, so its age and 
nature cannot be determined. However, from the fact that it includes pieces of hornblende schist, and because 
it is geographically continuous with the Giant’s Range granite in St. Louis county, which is thought to be erup- 
tive into the Lower Keewatin, we can state with a good degree of certainty that the Giant’s Range granite in 
Itasca county is an eruptive of an age later than the Lower Keewatin. And it is possible that it is of an earlier 
date than the Upper Keewatin, although this point is still to be determined. This granite will be spoken of again 
in the description of the Pokegama Lake sheet. . 

North of Net lake.t This granite varies from reddish to almost white in color, and is of fine or medium 
grain. Outcrops are reported from the east line of sec. 13, T. 66-22; east line, near north edge, of sec. 36, T. 66-22; 
and in secs. 22, 23 and 24, T. 66-23. At the two latter localities the granite is bounded on the north by mica 
schist. We have no definite information as to the relation of the granite to the adjoining mica schist. 

Little Fork river. The rock here (T. 63-22) has not been studied as yet, but it is properly a syenyte or 
perhaps a dioryte, rather than a granite. It is a medium grained rock composed of pinkish feldspar, often in 
tabular forms, and a varying amount of biotite and hornblende, with perhaps some augite. Frequently the 
tabular feldspars are arranged with their flat sides approximately parallel. This rock is evidently of later date 
than the mica schist of this part of the region, for it contains numerous angular fragments of mica schist, as 
shown in the accompanying figure. 


My: is At) 


FIG. 16. FRAGMENTS OF MICA SCHIST INCLUDED IN SYENITE, 
Rapid No. 13, Little Fork river. 


Big Fork river. The first outcrop seen in descending the Big Fork (probably in the S. W. \ of sec. 35, 
T. 150-25) is of granite. The specimens collected here show a rather coarse-grained, hornblende granite, which is 
grayish, greenish or reddish in color. The feldspar varies from white to flesh colored and brownish red, the horn- 


*Twenty-first Annual Re port, pp. 50-54, 18938. See also further discussion of the granites in vol. v, of this report. 
rer Binformation concerning this area of granite, and also for specimens of it, we are indebted to Mr. C. L. CHasr, of 


Hastings 
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blende is more or less altered to chlorite, and some epidote has been developed in the rock. Oneof the specimens 
contains a large proportion of quartz. Just below this, around a bend in theriver, is an outcrop, on both sides of 
the river, of dioryte. This rock is somewhat decayed, and is dark gray or reddish, depending on the color of 
the feldspar. Another outcrop of nearly similar rock is seen near the east side of sec. 25, T. 61-27, and another 
at S. W. corner of sec. 30, T. 61-26. 

Rainy lake. The granite rocks at Rainy lake are described in the appendix to this report. It may be 
stated here, however, that the granite rocks at Rainy lake in Itasca county occur in five areas. The first of 
these is at Koochiching falls; the second at the Jake shore and islands in sec. 27, T. 71-23; the third on Grassy 
island in sec. 25, T. 71--23; the fourth in secs. 3 and 4, T. 70-22; and the fifth along the south shore of Kabetogama 
lake. As far as studied these areas of granite are thought to be eruptive into the surrounding rocks. This is 
especially true of the second area. 

Other localities. From Mr. L. A. Ogaard, of Koochiching, we have received information of outcrops of 
granitic rocks at the following points: 1. Center of sec. 10, T. 68-24; outcrop about one-fourth acre in extent; 
biotite granite. 2. S. EB. 4 sec. 19, T. 64-24; outcrop about one-half acre in extent; granite. 3, S. EB. 14 sec. 
11, T. 61-24; outcrop about one acre in extent; dioryte, but not clearly a part of the granitic rocks. It is possibly 
Keewatin. 


(2.) The Coutchiching.* This term has been applied to a large series of crystal- 
line schists, mostly mica schists, of the Archean. They show no elastic structures, 
being completely crystalline, but from the regular banding similar to the bedding of 
sedimentary rocks, and from the fact that at times they seem to grade into the 
sedimentary rocks of the Keewatin, they have been considered, in the reports of this 
survey, as in the main a metamorphosed sedimentary series. The term was proposed 
for a mica schist series older than the Keewatin and as such it seems to have been 
correctly applied in the Rainy Lake district. But other crystalline schists have been 
mapped as Coutchiching (or Vermilion) which have been shown to be metamorphosed 
Keewatin sediments. These apparently owe their more crystalline character to the 
effect of intrusive granite and thus they are not necessarily lower in the geological 
scale than the Keewatin rocks, but may occur at any horizon in the Keewatin.t 

The Coutchiching rocks are essentially mica schists, composed of biotite, feldspar 
and quartz, with some other accessory minerals and sometimes with muscovite or 
hornblende. The schistose structure 1s usually quite pronounced and in places alter- 
nations of beds of different color and composition can be seen. In general the stnke 
of the schistose structure 1s east-northeast, and the dip varies. As far as studied no 
clastic grains have been recognized in these rocks, but from the fact that in places 
the Coutchiching rocks grade into the Keewatin clastics, as mentioned above, it 
seems clear that parts, at least, of what has been called Coutchiching represent con- 
siderably metamorphosed sedimentary rocks. These mica schists outcrop in many 
places along the Little Fork and Big Fork (Bowstring) rivers and along the south 
side of Rainy lake. They are more fully described in the appendix to this report. 

The Coutchiching rocks may be referred to five areas; Net lake, north of Net 
lake, Little Fork river, Big Fork river, and Rainy lake. The relations of these areas 
to each other are not known, both on account of lack of exposures, the rocks being 


«For the description and mapping of the areas of Coutchiching and Keewatin rocks along the Little Fork and Big Fork 
rivers we are dependent entirely on notes and specimens collected on hurried canoe trips along these rivers. We know very little 
of the relations of these two rock series along these rivers, and so the areas are outlined mainly by the lithological character of 
the specimens collected, the mica schist areas being referred to the Coutchiching, and the “ greenstone" areas to the Keewatin. 

, +U.8. GRANT, Zwentieth Annual Report, p. 5B, 1888; Twenty-second Annual Report, p. 71, 1894. J. E. SPURR, Twenly- 
second Annual Report, p. 121, 1804. A. H. ELFTMAN, Twenty-second Annual Report, p. 150, 1894. 
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covered by glacial deposits, and also lack of exploration. The relation of these 
Coutchiching rocks to the surrounding rocks is not fully known. As stated above 
some of the so-called Coutchiching is a modified part of the Keewatin, while some of 
it, notably that at Rainy lake, within Minnesota, probably underlies the adjacent Kee- 
watin unconformably. It1is quite customary to find the Coutchiching mica schists 
cut through and through by granite dikes, and sometimes two series of dikes occur, 
one cutting both the schist and the other series of dikes. It also frequently happens 
that outcrops are found in which there are beds of granite or gneiss in the schist 
running parallel with its schistose structure. Such occurrences have often been 
described in the reports of the survey as “interbedded mica schist and granite.” It 
is possible that some such occurrences really show alternations of bands of different 
composition of the same formation, but it is certain that in some cases the “inter- 
bedded” granite (or “gneiss”) represents intrusive rock which has been forced 
between the layers of mica schist. This is especially clear when the bands of granite 
are seen at times not only running with the schist but also at times cutting across 


the strike and joining other bands or dikes. 


Net lake. In only one place near the shores of this lake is there any considerable exposure of rock. 
This is on a small island, near the east side of the lake, just west of the Indian village. This island is composed 
of mica schist and gneiss cut by granite intrusions. The whole is then cut by a large greenstone dike from 
which stringers have been sent out across and through the other rocks. The dike strikes about north and 
south, and the mica schist strikes N. 58° E. and dips to the south of this direction at an angle of about 70°. 

North of Net lake. We have reports of mica schist just tothe north of the granite on the east line of 
sec. 13, T. 66-22; also to the north of the granite in secs. 22, 23 and 24, T. 66-23. The relation of the two rocks 
is not known. 

Little Fork river. At the top of Oak rapids (N. E. 14 sec. 22, T. 65-24) is an outcrop of mica schist in the 
bed of the river. This schist appears to be in place; it strikes B.10°S. and dips S. 20°. Considerable mica 
schist is exposed on the northeast side of these rapids, and it is described as interbedded with a coarse muscovite 
granite or pegmatyte. Near the foot of the rapids the schist contains much quartz in veins, and many smal] 


garnets. ; 
In sec. 31, T. 66-24, is a rapid (Dead Man’s rapid) over mica schist “interbedded” with granite. The 


schist strikes north 80° E. and dips toward the south at an angle of 72°. It is very silicious and contains quartz 
veins, and sometimes weathers red. The beds of granite (or gneiss) are of all thicknesses up to three or four 
feet. Just below these rapids is an exposure of massive dioryte, and a short distance below this mica schist . 
occurs again cut by granite. 

Following down the river a number of other outcrops of mica schist are found. Frequently these are 
cut by, or “interbedded ” with, granite or gneiss. The last* exposure is in the S. W. 14 sec. 14, T. 68-25, where 
there is a low exposure of mica schist and granite in thin beds dipping north at a high angle and striking east 
and west. At this place figure 17 shows the relation between the mica schist and granite. 

A ridge of mica schist and granite is reported by Mr. L. A. Ogaard on the county road from Koochiching 
to Grand Rapids. This ridge lies near the centre of the south edge of T. 67-24. 

Big Fork river. The first exposure on this stream is about fifteen miles above its mouth. Here is an 
outcrop, about 200 feet long, of granitic rock on the west bank. Patches of mica schist occur in the granite 
and at the lower end of the exposure is mica schist banded with thin belts or sheets of granite. Phases of the 
rock occur in which garnets are abundant. About seven miles above this exposure is another one of mica 
schist. About thirty miles above the mouth of the river mica schist, veined and striped with granite, crosses the 
river. The strike is east and west. 

A mile and a half below the mouth of Sturgeon rivert a low moutonéed surface of gray mica schist 
protrudes from the water. Half a mile below the mouth of Sturgeon river a low outcrop of mica schist crosses 
the river from southeast to northwest. This outcrop would be invisible at any time except when the river was 
very low. The schist is cut by two veins or dikes of granite. One of these is narrow, fine grained and gray in 


*Prof. G. E. CULVER reports that an outcrop of hard, garnetiferous mica schist crosses the river four miles above its 
Mouth. The strike is northeast and southwest, and the dip nearly vertical. 
t This river comes from the west and enters the Big Fork river in the southeastern part of T. 155-25, 
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color, being composed very largely of quartz and feldspar and very little biotite and muscovite. The other is at 
least twelve feet wide; the specimens collected show a coarse mass of feldspar penetrated by quartz, forming an 
excellent example of coarse graphic granite. 

At Big Falls (sec. 36 or 35, T. 155-25) the rock is granite and mica schist which is cut at the head of the 
falls by a diabase dike at least twenty feet wide, running north 10° east. A quarter of a mile below the falls 
mica schist and granite outcrop in the river. The strike is north 68° east, and the dip is south at a high angle, 
At the falls the rock is much disturbed and has no constant strike and dip. Less than a mile above the falls is 
an outcrop in the river of granite and mica schist. The strike appears to be east 50° south, and the dip south- 
west at a high angle. 

No other outcrops occur until reaching a rapid about seventy-two miles from the mouth of the river; this 
is probably near the centre of T. 63-26. Here fine mica schist occurs projecting only a few inches above the 
water. This outcrop would be hidden by high water. One or two small veins of granite cut the schist. A 
short distance above this is more mica schist, striking north 68° east and dipping northwest, at a high angle. 
The schist is quite hard in places and contains hornblende, chlorite and garnets. A little above this and on the 
east side of the stream the strike changes to north 40° east. Hereis a dike, about ten feet wide, which runs 
nearly north and south. The schist is hard, fine, siliceous and brittle next the dike. On the west side of the 
river is some gray graniticrock which appears like a fine-grained syenyte. Only a few feet of this is visible, but it 
seems to cut the mica schist. 


FIG. 17. MICA SCHIST AND “INTERBEDDED GNEISS”’ OR GRANITE. 
Little Fork river, 8S. W. 4% sec. 14, T. 68-25. 


(3). The Keewatin. This series of rocks is of the age of the iron-bearing rocks 
of the Vermilion iron range. It is not developed extensively in Itasca county, at 
least as far as surface exposures are concerned, occurring in one locality on the 
Little Fork river, at several places on the Big Fork (Bowstring) river, west of Stur- 
geon lake, on Rainy river and at Rainy lake. The latter occurrence is described in 
the appendix to this chapter. At some of the other places the rock may be described 
by the ambiguous term “greenstone.” | 

The relation of the Keewatin to the Coutchiching has already been spoken of 
in brief. No evidence on this point has been furnished by explorations in Itasca 
county outside of the Rainy Lake area, and here the evidence has not been worked 
out in full. Lawson was inclined to assume an unconformity between the Coutchi- 
ching and the Keewatin above. Recently the Minnesota survey has obtained con- 
clusive evidence for the separation of the Keewatin rocks in St. Louis and Lake 
counties into two unconformable series, which are termed the Lower and Upper 
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Keewatin. Whether this separation can be extended into Itasca county is as yet 
unknown. There are, however, certain facts which favor the possible separation of 
the Keewatin in the Rainy Lake district into two series, but whether this separation 
can be made or not, 1s only to be determined by future work. Dr. A. P. Coleman, 
who has done considerable work in this district, is also of the opinion that such a 


separation can possibly be made.* 


Little Fork river. At a rapid, probably in secs. 5 or 6, T. 63-22, is a low exposure of fine-grained green 
schist, striking east and west and standing vertical. This rock is quite hard and firm, and contains a few small 
quartz grains. It is cut by a dike of a fine-grained syenyte containing muscovite. About a mile below this 
is a rapid with an exposure on the south side of the river. The rock is a green mica schist strikingly similar to 
that mentioned above. The strike is N. 70° E., and the dip 90°. Half a mile below this is more green mica schist. 

Big Fork river. At and near Rice rapids (probably in section 13, T. 61-26), and at three or more localities 
between Rice rapids and the mouth of Deer river, occur exposures of rocks which are referred to the Keewatin. 
The specimens collected at these points vary considerable in character, but in general may be called green- 
stones. They evidently represent at least three classes of rocks: (1) Clastic rocks, probably containing con- 
siderable basic volcanic material, (2) Surface igneous rocks, and (3) Intrusive diabase or dioryte. Under the 
first class are some very fine-grained green to greenish gray rocks, sometimes showing an indistinct slaty cleavage. 
At times these rocks are aphanitic and again they show small quartz grains imbedded in an aphanitic ground- 
mass. The second class includes specimens quite similar to those of the first class; in fact, if it were not for the 
amyydaloidal cavities in the second class they could not readily be told microscopically from some of the first 
class. These amygdaloidal cavities are filled largely with quartz. The other class of rocks are rather coarse 
diorytes or diabases. There are specimens which do not clearly belong to either one of the three classes, but 
which show intermediate characters. In general all these rocks are considerably altered from their original 
condition. 

At and near a dam on Deer river (sec. 23, T. 62-25) a hard green micaceous rock occurs; it is somewhat 
schistose, this structure striking N. 36°-40° E., and standing nearly vertical. 

At Little falls, and in its vicinity, are other exposures of greenstone. Little falls is some ten or twelve 
miles below the mouth of Deer river and probably near the northeast corner of T. 62-26. 

West of Sturgeon lake, in T.60. The survey has received information, mostly from Mr. H. V. Winchell, 
of certain exposures in this locality. While the information is not definite enough to enable us to outline the 
extent of the Keewatin rocks in that part of the county, it seems quite clear that rocks of this age underlie much, 
if not all, of Ts. 60 and 61 in Rs. 22, 23 and 24. Lean iron ore occurs at southeast corner of sec. 36, T. 60-25, and 
at the west quarter post of sec. 7, T. 60-22. Keewatin rocks outcrop in sec, 12,T. 61-19. Near the south side of 
sec. 34, T. 61-22, hornblende schist occurs. At southwest corner of same section green schist, often massive and 
agglomeratic, outcrops; the strike is nearly north and south; farther west the strike is southeast and northwest. 
In secs.7 and 18, T. 60-22, and secs. 11 and 12, T. 60-23, are outcrops of horneblendic and sericitic schist; strike 
northeast (and east?). 

Rainy river. At the Longue Sault rapids (sec. 26, T. 160-27) hornblende schists outcrop along the river 
from about one-fourth of a mile above the rapids to near their foot, where they appear to be in contact to the 
south with a rather coarse-grained, reddish granitoid gneiss, which is exposed in two small islands at the foot of 
the rapids. The strike is with the direction of the river, or east and west, and the dip is toward the north at 
angles which are sometimes as low as 45°. Keewatin rocks occur on Canadian territory on the Pine river, whose 
mouth is opposite the northeast corner of T. 160-29; also on a small creek which empties into Rainy river about 
three miles and a half below the Longue Sault rapids. They also occur near the mouth of Rapid river, just west 
of Itasca county. (See report on Beltrami county, pp. 141). | 


Post Archean dikes. In the descriptions of the Coutchiching exposures some 
greenstone or diabase dikes have been mentioned. These dikes are essentially of 
of diabase, which in some places has been altered and decayed so that the rock has 
been called a greenstone. On the edges the dikes are very tine grained, showing 
that they were intruded when the surrounding rocks were not highly heated; the 
grain becomes gradually coarser towards the center of the dikes. The dikes cut the 
granitic rocks, the Coutchiching and the Keewatin, and are thus later than these, 
2. e., they are post-Archean in age. Moreover, the dikes have not been subjected to 


* Personal letter. 
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the intense pressure and foldings to which the Archean rocks have frequently been 
subjected, and they are therefore later than the last folding of the Archean. How 
much later, we are unable to say with certainty. None of these dikes have been 
found inthe Animikie in Itasca county, but to the east of this county there are 
numerous diabase dikes in the Animikie rocks, but whether these are of the same 
age as the dikes in the Archean is not positively known. There are, however, some 
reasons (not conclusive, however) for assuming that these dikes in the Archean are 
of post-Animikie age and that they are of the same date as the great injections of 
basic igneous rocks which occurred after the Animikie, i. ¢., in Cabotian and Manitou 
time. But as to whether these dikes date from the Cabotian or the Manitou, or from 
both, we cannot say. 

In general the dikes have a northwest and southeast direction, although a few 
are found which vary from this direction. 


On the Big Fork river about thirty-three miles above its mouth is an exposure of coarse, greenish gray 
rock which probably is part of a dike, although the surrounding rocks do not appear. 

On the Rainy river about six miles above Manitou rapids is a dike, on the Minnesota “ile of the river. It 
forms a prominent bluff and cuts through green hornblende schists. At Manitou rapids the river flows over 
a large dike whose strike appears to be northwest and southeast. The contact with the enclosing rock is not 
seen, but there is a distinct gradation in grain, and the direction of the ridge or rock is taken as the direction 
of the dike itself. Another dike appears on the south side of the river one mile below the Longue Sault rapids, 
and another crosses the river about half a mile above the mouth of Rapid river. This last locality is near the 
west line of Itasca county. 

Other dikes are mentioned in the appendix to this chapter. 


The Animikie, After the Archean rocks had been deposited and elevated and 
more or less folded, the land again sank below sea level and the Animikie rocks were 
laid down. In Itasca county the only belt of these rocks we now have is along what 
is known as the Mesabi iron range, which hes just to the south of the Giant’s range 
granite. The Animikie rocks enter the county on the east in T. 57-22, and extend 
in a southwesterly direction to the Mississippi river at Pokegama falls. To the west 
of this we know almost nothing of the Animikie rocks, nor have we any information 
which. will lead us to state just how many miles west of the Mississippi river they 
go, but it seems most reasonable to conclude that these rocks, carrying with them 
the Mesabi iron-bearing rocks, extend for a considerable number of miles southwest 
from Pokegama falls.* 

The strike of the Animikie in Itasca county is approximately east-northeast and 
west-southwest, varying from this general direction only locally. The dip is towards 
the south-southeast at a low angle which probably averages less than ten degrees. 
In the northeastern part of T. 56-24, there is an irregularity, mentioned in the 
description of the Grand Rapids plate, which seems to indicate that the Animikie 
possesses not only a monoclinal south-southeastward dip but that it also has been 
thrown into gentle folds by a force acting from the east or west. The quartzyte is 


——_———_— --— 


*See also pp. 65 and 68 of this volume. 
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sometimes, as at Prairie River falls, thrown into gentle folds whose axes run with 
the general strike of the Animikie. | 

In Itasca county 1n general the rocks of the Giant’s range (granite) and the 
Mesabi iron range (Animikie) are pretty well covered by drift deposits so that out- 
crops are not common. For much of our mapping of these rocks we are dependent 
on test pits and diamond drill records. However, in the first ten or fifteen miles 
east of the Mississippi river there are more outcrops and fewer test pits than farther 
east in the county. 

The kinds of rocks that occur in the Animikie in Minnesota allow that forma- 
tion to be divided into four divisions;* these are, in descending order, as follows: 


Upper or graywacke slate member, composed of black to gray slates and fine graywackes with some 
flinty slates and fine-grained slaty quartzytes. 

Black slate member, composed largely of black, apparently carbonaceous, slates, frequently very fissile. 

Taconyte or tron-bearing member, composed of taconyte and iron ore. 

Lower or quartzyte member, composed of tine and coarse-grained quartzyte which is often conglomeratic 
in the lower beds. The Pokegama quartzyte, and also called at times Pewabic quartzyte. 


These divisions have been made out from a study of the Animikie along the 
whole extent of the Mesabi range in Minnesota. In Itasca and St. Louis counties 
the lower two divisions are well developed, but lack of outcrops prevents us from 
knowing much concerning the upper two divisions, although the black slate member 
is known in St. Louis county; while in Cook county, near Gunflint and North lakes, the 
upper three members exist in their typical development, but the lower member 
is lacking. 


FIG. 18. GENERALIZED SECTION, SIX MILES LONG, FROM NORTH-NORTHWEST TO SOUTH-SOUTHEAST ACROSS 
THE MESABI IRON RANGE IN ITASCA COUNTY. 


In Itasca county the quartzyte and taconyte members comprise the rocks of 
the Mesabi iron range. It is possible that the black slate member (and perhaps the 
upper member) exist in this county to the south of the outcrop of the iron-bearing 
rocks, but the covering of drift is so thiek that these slates have not been found. 
However, it has been reported that fragments of black slate are abundant in the 
drift at a locality three or four miles south of sec. 22, T. 56-24. This would seem to 
indicate that the black slate member actually does exist in Itasca county. 

The general relations of the Animikie rocks and the Giant’s range granite in 
Itasca county are shown in figure 18, above. 

(1). The Pokegama quartzyte consists in the main of a rather coarse-grained 
vitreous quartzyte, sometimes containing small pebbles and frequently iron stained. 


*Twenty-second Annual Report, p. 74. 
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In color it is white, gray, reddish and greenish. Typical exposures occur at Poke- 
gama falls and at Prairie River falls. The quartzyte hes directly upon the granite 
of the Giant’s range, and occupies a narrow belt between this rock and the taconyte 
member. The materials of the quartzyte were undoubtedly derived in large part 
from the granite. The width of the surface outcrop of the quartzyte belt is rarely 
more than half a mile, and the average width is less than this. At Prairie River 
falls the quartzyte dips 10° and 12° degrees towards the south-southeast. At Poke- 
gvama falls the dip is in different places about 15° towards south, 80° west; about 15° 
towards south, 8° east; 8° towards south, 22° east. The average of these is about 11°. 
If we assume that the quartzyte has an average horizontal outcrop of a third of a 
mile, and an average dip of 11°, the thickness will be about 335 feet. This is prob- 
ably too large an estimate, and it seems probable that the average thickness of this 
quartzyte member in [tasea county is less than 300 feet. 

(2). The taconyte or tron-bearing member 1s composed of rocks varying much in 
general appearance, but to which the name taconyte has been applied. One extreme 
variety of this rock is the pure iron ore (hematite, or sometimes magnetite), and the 
other extreme is regarded as a glauconitic greensand. AI] gradations between these 
two extremes are known. The most common types are finely banded rocks, which 
are red, gray and greenish in color. The banded vaneties, when they contain iron 
ore, and especially when red, are known as taconyte and jasper, banded jasper and 
ore, jasper, or jaspilyte. These rocks have been described in ful] in Bulletin No. 10 
and also in the Twentieth Annual Report. The iron ore deposits of the Mesabi 
range are confined to this iron-bearing member of the Animikie, and the ore occurs 
in bodies of various shapes at almost any horizon in this member. The maximum 
thickness of the iron-bearing member 1s not known in Itasca county, but estimates 
made to the east in St. Louis county place its thickness between 500 and 1,000 feet, 
with an average of about S00 feet. The belt occupied by this iron-bearing member 
of the Animikie is at least a mile in width and is in places known to be twice this 
distance. How much wider the belt may be is not known on account of the covering 
of drift and the lack of test pits. 

The Cretaceous. After the Animikie, the next sedimentary rocks which occur 
in Itasca county belong to the Cretaceous. We have no knowledge of clastic 
rocks of intermediate age in this county. During the long time in which were 
deposited the Upper Cambrian, Silurian and Devonian strata in the southern part of 
the state, and the Carboniferous, Permian, Triassic, and Jurassic in other districts, 
Itasca county was either above the sea level, or, if during any of this time it was 
below sea level, all traces of sediments deposited at such a time have since been 
removed by erosion. 
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The Cretaceous strata are known in several places in Itasca county, but the 
unconsolidated nature of the deposits, when lacking in fossils, renders them some- 
times somewhat difficult to distinguish, at least in a hurried examination, from gla- 
cial or post-glacial deposits. Thus, probably some exposures of these rocks have been 
overlooked. In general the Cretaceous strata are composed of clays, shales and 
sands, sometimes conglomeratic, with also some beds of lignite. These strata have 
a horizontal position. The facts, that large parts of the state probably now contain 
Cretaceous rocks and that the Cretaceous ocean extended over practically all of the 
state excepting Cook, Lake and the eastern part of St. Louis county, were first stated 
by the state geologist in 1878.* More recent work has tended to confirm this state- 
ment, and we are justified in saying that all of Itasca county was covered by the 
Cretaceous ocean, and that even now a large part of the county is underlain by strata 
of this age, although of course they are now largely obscured by the covering of drift. 

Fossils collected from Cretaceous beds just to the east of Itasca countyt show 
that the containing strata belong quite certainly to the Colorado formationt of the 
Upper Cretaceous, and it is safe to assume that all of the Cretaceous rocks in Itasca 


county belong to the Upper Cretaceous. : 


Little Fork river. The banks of a creek which enters this river probably in the S. E. 14 sec. 9, T. 64-23, 
are formed of a fine, sticky, horizontally stratitied clay, which becomes shaly on drying. This clay is fine, soft, 
bluish gray, and is in strata from one to three inches thick. The banks of the creek for one-fourth mile back 
from the river are twenty to thirty feet high and are formed of this clay, of which a total thickness of at least 
forty feet can be seen in this vicinity. A few cycloid fish scales and other fossils were found, and a microscopic 
examination of this shale by Messrs. Woodward and Thomas revealed characteristic Cretaceous Foraminifera. 
Less than a mile below this on the Little Fork river isa bluff of shale, forty feet high. A little below this, on 
the east side of the river, are clay hills eighty feet high. Six miles farther down the river, probably in sec. 1, 
T. 64-24, a stream, whose banks are of shale, comes in from the south. The hills in the vicinity are 75 to 100 
feet in hight, and appear to be of horizontal Cretaceous strata. Another locality for these rocks is in sec. 36, 
T. 68-25. 

Big Fork river. A few miles below the mouth of Sturgeon river (T. 155-25) the Cretaceous occurs in the 
river bank. In T. 64-27 are other exposures probably belonging to the Cretaceous. A few miles below the 
mouth of Deer river (T. 62-25), and also in several places along this river, between its mouth and Deer lake, the 
Cretaceous is again seen. In places these beds are hard and polished by the river's action. 

Other exposures of Cretaceous rocks probably occur on the Little Fork and Big Fork (Bowstring) rivers, 
but they have not been carefully separated from the horizontal clays and sands which were deposited in the 
glacial lake Agassiz. 

Other Cretaceous areas. It has been thought, and with apparently good reason, that some of the more 
noticeable hills in the southern part of Itasca county are composed of Cretaceous strata immediately underlying 
a thickness of only a few feet of drift. Such hills are the high ridge just southwest of Pokegama lake, and an 
oval hill in secs. 22 and 23, T. 55-26. Mr. H. V. Winchell reports that quite recently Cretaceous strata, very 
rich in fossils, have been encountered in the test pits of the Arcturus Iron company in secs. 13 and 24, T, 56-24. 


Glacial deposits. As already stated, Itasca county is covered by deposits of 
glacial drift. The average and the maximum thicknesses of the drift are not 
definitely known. ‘The thickness varies from nothing to an average of perhaps over 
fifty feet, while in the western and southern part of the county the drift is probably | 
in places considerably over a hundred feet in thickness. In general it may be said 
that this covering of drift is thickest toward the west and southwest, and that it 
 * Bulletin Minnesota Academy Natural Science, vol. i, pp. 341-349. 


tH. V. WINCHBLL. American Geolvugist, vol. xii, pp. 220-223, Oct., 1593. 
{C. A. WHiTgz, Ibid., p. 221. 
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thins gradually toward the east and northeast. The only part of the county where 
the drift is very thin or almost wanting, is in the immediate vicinity of Rainy and 
Kabetogama lakes, but north of Net lake and along the Mesabi iron range, and just 
to the north of this the rocks are not so heavily drift-covered and they outcrop 
oceasionally. In composition the drift of Itasca county is similar to that of the 
adjoining counties. Its material has been derived from the north, northwest and 
northeast, and perhaps from the east. Thus crystalline rock material is common, as 
are also fragments of limestone from the Winnipeg region and lignite from the Cre- 
taceous. Boulders, while not scarce, are not so common as might be expected, 
although certain bouldery belts are known, especially along the upper part of the 
Big Fork river. In general it may be said that a large part of the drift material has 
not been transported far, having originated directly from the Cretaceous rocks of 
the county, and thus boulders will not be as common as in districts where the drift 
is chiefly derived from the Archean rocks. 

(1). Glacial strie.* Below is a list of the directions of glacial striz noted in 


Itasca county: 


Rainy lake - 


N. E. 1g N. W. } c. 30, T. 71-23, . - : : : . S south 40° W. 
West line of sec. a T. 71-23, south shore of lake, — - : : : : south 30? W. 
S. W. 1, S. W. 14 sec. 29, T. 71-22, - . : . - south 55° W. 
NW, sec. 28, T. 71 22, : , : : south 43° W. 
Sec. 28, T. 71 23, - - - ; : : ; : : south 32° W. 
East side of sec. 29, T. 71-22, south shore of lake, : z : : south 60° W. 
S. E. 14, sec. 28, T. 71-22, - - - . south 52° W. 
S. W. 14 S. W. lq sec. 24, T. 71 23, : : , ; : ? : south 60° W. 
Near head of Black bay, : : , : : . : ; south 52° W. - 
Rainy river — 
1!, miles below Koochiching, — - : : is : : F south 40° W. 
23, miles below Koochiching, - . : , s : south 40° W. 
31, miles below Koochiching, — - : : : : : . south 32° W. 
Island in sec. 3, T. 159-25, 4 miles above Mavittou rapids, south 38° W. 
Sec. 27, T. 169-27, 1 mile below manos Sault rapids, - : : south 24° W. 
Pine river.t first rapid, _& south 24° W. 
Pine river, second rapid, - : : : ‘ south 24° W. 
One mile above mouth of Rapid river, near west elias of Itasva county, - : : south 38° W. 
Little Fork river- - 
Sec. 6, T, 69 25, - - - - - - : : : : south 50° W. 
T. 67-24, - - - - - - . : : : - south 40° W. 
T. 67. 24, near southwest corner, - é - ° south 42° W. 
Sec. 31 (?), T. 66-24, : ; | - - - sith 20° W. and south 80° E. 
T. 64-22, near S. W. corner, : ‘ : : : : south 10° E. 
Net lake, saa island near east aide of nee . 2 ; - aah 20° W. to south 24° W. 
Big Fork (Bowstring) river 
16 miles above mouth of river, T. 157 25, - : : : : : : south 44° W. 
27 miles above mouth of river, S. part of T. 156-25, - : : : south 58° to 62° E. 
115 miles below Sturgeon river, T. 155-25, - . : : s south 24° E. 
Big Falls, near S. E. corner of T. 155-25, : : : : : : south 80° E. 
12 miles below Little falls, near centre of T. 63-28, é . : e south 58° to 70. E. 
Near same place, - - - - - - . south 10° W. and south 30° E. 
A short distance above, : - - : : : ‘ - south 60° E. 
Little Falls, near N. E. corner T. 62- 26. ‘ : : , : south 2° to 8° E. 
One-eighth mile above Little falls, - “ : : : g . - south 2° BE. 


*Referred to the true meridian. 
t This river empties into Rainy river nearly opposite the northeast corner of T. 160-20 W. 
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On Deer river, 144 mile above its mouth, - - - - south 80° to 90° E. 
Half way between mouthsof Deer and Rice rivers, - - - - south 70° to 80° E. 
Sec. 5 (?), T. 61-25, - - - : e , -§ 2 - south 70° E. 
A short distance above the iaae, - . - south 70° to 80° E. 
Rice River rapids, upper exposure, probably in sec, >. 13, .. 61- 26, - . . south 35° E. 
Near the same place, below last, —- - - - : south 65° E. 
T. 61-26, perhaps in sec. 27, - - - . - - - south 70° E. 
T. 150-25, probably in S. W. 14 sec. 35, - . : oi : - south 5° to 0° E. 
Pokegama falls, - - - - - - south 50° E. 
Prairie river, lower falls, S. E. V4 sec. 34, T. 56-25, - - : - . south 4° to 10° E. 


From an examination of the directions of these striz at Rainy lake, on the 
Rainy river and on the lower parts of the Little Fork and Big Fork (Bowstring) 
rivers, it will be seen that the last ice movement thus recorded in the northern part 
of Itasca county had a general southwesterly direction. A lack of asufficient number 
of known striz in the southern part of the county prevents us from stating definitely 
the direction here, but it was most probably more nearly south than southwest. 
Some of the directions recorded on the upper parts of the Little Fork and Big Fork 
rivers are rather anomalous. They indicate a motion either from the northwest and 
west toward the southeast and east, or from the southwest and east toward 
the northwest and west. The latter direction is regarded as the true one by 
Mr. Warren Upham, who refers this direction of motion to the fact that the ice- 
sheet in the western and northwestern part of the county disappeared, probably on 
account of melting by the waters of the glacial lake Agassiz, before the ice in the 
central part of the county. The ice thus left would move out toward the areas free 
from ice and some of it would thus move west, or north of west, producing the 
anomalous striz.* 

The glacial deposits take four chief forms: (1) Till, non-morainic; (2) Morainic 
accumulations; (8) Modified drift, and (4) Deposits in the glacial lake Agassiz. Each 
of these types of deposits has characteristic features, but the exploration of the 
county has been so incomplete that we are unable to outline or describe all the dif- 
ferent areas. | 

(2). Moraines. Considerable areas are covered by rough, hilly drift represent- 
ing the deposits from the end of the ice where it remained in approximately a con- 
stant position for some time. Four such morainic belts are supposed to cross Itasca 
county. The most southern has been termed the ninth or Leaf Hills moraine. This 
is represented by the hilly district in the southern part of T. 53-24, and the south- 
west corner of T. 53-23. This moraine is crossed by the Mississippi in sec. 26, T. 
93-24. The tenth or Itasca moraine enters Itasca county in T. 53-27, passes north- 
eastward along the south side of Siseebakwet lake in T. 54-26, includes most of 
Pokegama lake and also Trout lake in T. 55-24, and presumably continues through 
T. 56-28, leaving the county about the north part of the east side of T. 57-22. One 


*It is also quite reasonable to assume that these anomalous striz were produced by ice of the Lake Superior lobe moving 
towards the west, and even north of west. 
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peculiar kettle occurs on this moraine. It is in the top of the highest hill in see. 21, 
T. 56-24. The hill is abont 150 feet above the little stream near its base and is 
separated from adjoining hills. The kettle, which simulates a crater very closely, 
occupies hearly the whole top of the hill and is about sixty feet deep and fifteen 
rods across the top of its narrow rim. 

The eleventh or Mesabi moraine is thought to be represented by low hills just 
north of lake Winnibigoshish. It is strongly developed in the northern part of T. 
06-27, passes along the south side of Deer lake in the northern part of T. 56-26, then 
turns northward and includes the hilly lake country in the east parts of T. 57-26 and 
T. 58-26, and the west parts of T. 57-25 and T. 58-25. This district probably repre- 
sents a reéntrant angle in the ice front. The moraine passes eastward through the 
north part of T. of-25, and presumably continues directly eastward approximately 
coinciding 1n position with the Mesabi moraine at the eastern limit of Itasca county. 

The twelfth or Vermilion moraine, as mapped by Mr. Warren Uphan,, is repre- 
sented by hills just to the south of Net lake. Its western extension is not known, 
but it may pass into the area of the glacial lake Agassiz and be obscured by the 
deposits of that lake. 

Prof. N. H. Winchell, in studying the drift characters in St. Louis county, has 
reached the conclusion that the Vermilion moraine does not pass south of Net lake, 
but that it rans more tg the north, and enters Itasca county near the west end of 
Kabetovama lake, being continuous with the line which separates the rocky surface 
at Rainy lake from the level plain of clays to the west and southwest of this lake.* 

In the mapping of Beltrami county, Prof. J. E. Todd finds five morainic 
areas, south of the highest shore line of lake Agassiz, which pass into Itasca county. 
On the Itasca county map these moraines are represented as entering the county, 
but we have no information which will allow us to designate with certainty their 
position for any considerable distance east of the Beltrami-Itasca county line. 

(3). Modified drift occurs in several areas in the southern part of the county. 
The most extensive area is the flat country between the Mississippi and Swan rivers, 
extending from Blackberry southeast to the limits of the county. Other areas occur 
in the triangular district bounded on the east, south and west by the Mississippi 
river in T. 55-27, also north of the river in the vicinity of Ball Club lake. 

(4). The glacial luke Agassiz.¢ This body of water covered a considerable part 
of the northern half of Itasca county during the closing stages of the Glacial period. 
Unfortunately the shore lines and the deposits of this glacial lake have not been 
studied in detail in this county. The highest shore line, whose approximate location 
is shown on the county map (plate 65) enters the county on the west in the northern 


* See chapter on and map of the north part of St. Louis county in this volume. 
} For a full description of this lake, see ‘‘ The glacial lake Agassiz,” by WARREN UPHAM. Mon. xxv, U. S. Geol. Survey. 
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part of T. 153-29, at an altitude of over 1,200 feet above sea level. It extends east- 
ward and southeastward, and we have its probable location where it crosses the Big 
Fork river.* This is near the western edge of T. 62-25, and here the beach 1s 
thought to be about 1,250 feet in altitude. It then is thought to run northward, 
turning east probably in the southern part of T. 65-25, and crossing the Little Fork 
river near where that river is crossed by the county road from Grand Rapids to 
Koochiching. This is in the southeastern part of T. 65-24. From this point the 
line runs northward and then eastward, leaving the county in T. 69-22, at an alti- 
tude of something over 1,250 feet. It is only just to say that we have no certain 
record of this beach, as a beach, in Itasca county, but the above location is given 
from a knowledge of elevations and the general character of the country within and 
without the old lake area. 

The character of the surface to the north and west of the shore of lake Agassiz 
is noticeably different from that to the south and east of this line.’ As has already 
been stated, the land included in the area of this lake isin general a plain with a flat, 
monotonous surface. The land has such a small slope that large parts are covered 
by swamps. The origin of the present surface can best be explained by assuming 
that as the ice retreated the land was a gently rolling or flat area covered with 
glacial deposits. These deposits were then covered wholly or in part by material 
deposited in the glacial lake. These lacustrine beds exist in considerable force along 
the Rainy river and the lower parts of the Big Fork (Bowstring) and Little Fork 
rivers. It is probable-that they thin out or nearly disappear at the southwestern part 
of this lake in Itasca county. It is most plausible to refer these beds, which are 
mostly of sands and clays, to material derived directly from the ice and deposited in 
the lake. 

The place where the marked contrast between this plain of lacustrine deposits 
and the surrounding areas can be best seen is at the west end of Rainy lake. The 
lacustrine deposits, which are in full force along the Rainy river, here end abruptly 
and are replaced on the east by a surface of rock and scanty drift among which lacus- 
trine beds seem to be entirely lacking. As yet no evidences of beaches have been 
found here, and, moreover, some of the lacustrine beds are a few feet above the level 
of Rainy lake. It is thus seen that the body of water in which these deposits were 
laid down must have covered Rainy lake, unless it was prevented from doing so by 
the ice-sheet. Moreover, from our knowledge of the altitudes of the shore lines of 
lake Agassiz farther west, and the elevation of the land which has taken place toward 
the northeast since the time of lake Agassiz, it is safe to assume that, if this lake did 
extend over the area now occupied by Rainy lake, the surface of the water of the 


* Seventeenth Annual Report, p. 434. 
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glacial lake was here in the vicinity of one hundred feet above the present surface of 
Rainy lake. There was certainly an ice boundary to this glacial lake along part of 
its northern area, preventing the water from flowing out into Hudson bay. It seems 
to explain the facts better to assume that at one time, not necessarily at the end of 
the life of the glacial lake, the ice border of the lake retreated comparatively slowly 
in the district along the Rainy nver. During this period much material derived 
directly from the ice was deposited as sediment in the water of this lake. These 
lacustrine deposits covered up the true till, which was derived directly from the ice- 
sheet, and which was not distributed by, and laid down as sediment in, the waters 
of lake Agassiz. 

The line where the lacustrine deposits end can be drawn from the west end of 
Kabetogama lake northwest past the west end of Black bay and the outlet of Rainy 
lake. This line is approximately at right angles to the last ice-motion in this area. 
To the west and south of this line these deposits occur, while to the east and north 
of it they seem to be entirely lacking. It may be that the ice retreated very 
suddenly from this line, or it is possible that this line represented the ice-boundary 
of the lake, when it was drained away to Hudson bay. Either supposition will 
account for the sudden ending of the lacustrine deposits. The idea that this line 
represents the ice-boundary of lake Agassiz has been proposed by Lawson, but 
Upham regards it as rather improbable. To the writer it seems that the idea that 
this line represents the line of the ice-boundary of lake Agassiz at one time, but 
perhaps not necessarily at the end of the life of the glacial lake, is quite in accord- 
ance with the observed facts. As has been stated above, professor Winchell regards 
the Vermilion moraine as practically coincident, in the vicinity of Rainy lake, with 
the line separating the country covered by lacustrine deposits from that in which 
they are lacking. This moraine represents a considerable period during which the 
front of the ice-sheet was practically stationary, and it would seem that during this 
same period the ice-front was stationary near the limit of the lacustrine deposits, 
and that here was, for a time at least, the ice-border of the glacial lake Agassiz. 
After this moraine and the lacustrine deposits were formed, the ice must have 
retreated very rapidly, leaving a comparatively small amount of drift material, and 
practically no lacustrine deposits on the country north and east of this limit. 

The thickness of these lacustrine deposits in the glacial lake Agassiz necessarily 
varies considerably, and the limits of the beds are not fully known, except on the - 
northeast, as already mentioned. These deposits are well developed on the lower 
parts of the Big Fork (Bowstring) and Little Fork rivers, and along Rainy river. 
The following description is taken from Lawson’s account of these beds.* 


* Geol. Survey of Canada, Annual Report, vol. fii, part 1, pp. 170F-178F. 
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“These brief notes by carlier observers of the formations through which Rainy river cuts its way, do not 
give a sufficiently clear or comprehensive account of their character, their distribution or their geological history. 
I shall, therefore, attempt to supplement them by observations I have been enabled to make in the field myself, 
as well as to point out the connection of the facts adduced with those that have been observed by others in the 
study of post-glacial phenomena in adjoining regions. Iam at a loss to understand Dr. Bigsby’s statement that 
he saw no marks of stratitication in the banks of the river. There are abundant and distinct evidences of the 
deposijtion of the greater part of the formations in stratiform layers or beds. They are first observed on Rainy 
lake on the west shore of Sand bay, as bedded clays. Between Rainy lake and Fort Frances, the banks of the 
river are composed of light colored, more or less sandy and calcareous clays with numerous pebbles of yellow or 
cream-colored limestone. The hanks rise about ten or twelve feet above the surface of the river at its mean 
hight, and the country back from the river is flat. Below the falls of Fort Frances the river sinks in level, 
between twenty-two feet and twenty-tive feet. And as the surface of the country remains flat, the hight of the 
river banks below the falls is increased by this amount. The banks here present a more or less steeply scarped 
aspect, a character which they retain almost continuously to the mouth of the river, although there are occa- 
sionally short stretches of sloping banks or low shores which are wet or dry, according to the hight of the water 
in the river. For a Jong distance down the river from the falls, evidences of stratitication are not very prominent 
in the banks. The clay is very calcareous or marly, and crumbles readily when dry, forming a steep talus. The 
bedding can, however, be seen occasionally in the short scarp which rises above this talus quite distinctly. In 
these cases, thicker beds of a calcareous or sandy clay, with numerous small pebbles, are generally separated by 
thin partings of purer unctuous clay. The thicker beds usually vary from two inches to six inches in thickness, 
and are often much more sandy than clayey. For the first three miles below the falls, the underlying glaciated 
rocks upon which the formation rests crop out occasionally on both sides of the river. From these exposures I 
should judge that the mean level of the rocky surface of the country along this part of the river would be but 
little below the surface of the river, and that we have in the hight of the banks a vertical section nearly equal to 
the mean thickness of the formation, which would, therefore, be between thirty feet and forty feet. After turning 
the bend three miles below Fort Frances, no rocks crop out along the river for over twelve miles. Throughout 
this distance, the character of the banks varies but little and presents only a few points of special interest. On 
the Indian reserve opposite the mouth of Little American or Little Fork river there is a peculiar terrace-like 
ridge running parallel with the river a few hundred feet from the water’s edge. It is observable only for a short 
distance where the Indians have cleared away the bush. Between the Little and Big American rivers on the 
Canadian side there can be seen an extensive, apparently unstratified mass of clean, unctuous, blue clay under- 
lying the bedded marly clays and sands of the upper portion of the bank. Below the Big American river the 
bedded clays, sandy and marly clays and sands prevail, and the lower unstratified blue clay was not again 
observed for a considerable distance. On Mr. George Singleton’s farm (sec, 9, T. 5, 8S. R. xxviii), the glaciated 
surfaces of the old rocks outcrop from beneath these post-glacial deposits, not only on the river banks, but over 
a considerable area in the rear of his farm,the rock being a hornblende-syenyte gneiss. Rock exposures are more 
common from this point on to the bottom of the Longue Sault than anywhere else along the river, and some of 
the more prominent points appear to have been islands in the fresh water lake, in which the post-glacial forma- 
tions were deposited. The latter cannot be on the average much more than twenty-five feet or thirty feet thick 
along this part of the river. The surface of the country rises gently, however, on the north side of the river, and 
at the back of Mr. Lutterel’s farm (sec. 22, T. 5, 8. R. xxviii) a low, flat gravel ridge was observed which probably 
lies on top of the beds exposed at the river bank. Between this point and Manitou rapid many more boulders 
of Archean rocks were observed imbedded in the strata of the river banks than had been noticed higher up the 
Stream, although they are not prominent near the rapid itself, the formation, as observed by Dr. Bigsby, being 
unusually clavey there. Neartheeastern limit of the Indian reserve at Manitou rapid there many be seen on the north 
side of the river a mass of unbedded clay with pebbles to a thickness of ten feet to fifteen feet above the surface 
of the river, and resting upon this four feet of evenly bedded sandy clay in which the pebbles are mostly yellow 
colored limestone. Down near the rapid these upper beds are wanting just at the water's edge and the lower clay 
only is seen. This lower clay is probably the same formation as that noted between the Big and Little American 
rivers. 

‘ Below the Longue Sault Rapids for some miles the banks of the river on either side, wherever the scarped 
faces permit of close observation, show only bedded marly clays, and clayey sands with pebbles. If the unstrati- 
tied lower clay underlies these beds, a8 appears quite probable, it is concealed by the soft talus that has fallen 
from the searp. Mr. Cameron informed me that he had sunk a well four miles back from the river on a logging 
road (sec. 21, T. 4, S. R. xxv) for twenty-two feet, and had bored a further forty feet through formations similar 
to those on the bank of the river before he struck solid rock. He obtained water at this depth of sixty-two 
feet, but found it extremely hard, a fact due to the abundance of calcareous matter in the loose strata through 
Which water must percolate before reaching the comparatively impermeable surface of the underlying hard 
rocks, The formations up the Pine river, as far as the second rapid, are, as on Rainy river, bedded marly clays 
and clayey sands, together with gravel made up very largely of limestone debris. At the tirst rapid on Pine 
river a gravel ridge which lies on the glaciated surface of the rock has been cut into by workmen engaged in the 
construction of a dam across the rapid. The gravel is rather tine, mostly calcareous, and much mixed with 
clayey matter. In it were found large numbers of fresh-water shells, together with some fragments of bones of 
the buffalo (Bos americanus Gmelin). Fresh-water shells were also found in the beds on Rainy river, at the 
confluence of Pine river, and at various points below this, particularly, however, in the bedded sands and clays at 
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the mouth of Beaudette river. Although the shells at these points are numerous, the species are few. The 
following have been identitied by Mr. Whiteaves: Spleertum sulcatum Lamark; Spharrium striatinum (9) 
Lamark; Planorbis (Helisoma) bicarinatus Say; Limnawa (Limnophysa) desidiosa Say (one, broken). Near 
the confluence of Beaudette river, and from that point on to the mouth of Rainy river, the banks still retain 
their abruptly scarped aspect rising from ten feet to twenty feet above the river, but the formations composing 
them gradually change in character, and the clay gives place to a fine light-yellow muddy sand, bedded often 
with very thin partings of clay. A third of the way from Beaudette river to the mouth of Rainy river, this 
yellow sand is observed to rest upon a pebble conglomerate made up of limestones and Archean pebbles 
imbedded in a partially hardened mud matrix.” 


Post-glacial deposits, These deposits are of limited extent and take the form of 
alluvial material along the larger rivers. Such deposits are still being laid down in 
high water along the river flood plams. Alluvium occurs along the Mississippi river, 
especially in T. 53-24, and T. 54-24, also along the lower parts of the Little Fork and 
Big Fork rivers. The Rainy river, contrary to expectation, does not seem to be 
depositing alluvium; it is a river with practically no flood plain. These statements 
are made from a knowledge of the upper part of this river valley and the published 
accounts seem to show that the rest of the valley is similar to its upper part. The 
Rainy river from the outlet of Rainy lake to Koochiehing falls, a distance of about 
three miles, flows in a shallow, steep-sided trench, the water, even in low stages, 
reaching nearly from one steep bank to the other. The river in high water does not 
reach to the top of these banks and so no alluvium is deposited. Below the falls, 
for a distance of several miles, the conditions are the same, except that the banks 


are twenty to forty feet higher, and here also no alluvium occurs. 
MATERIAL RESOURCES. * 


Water-powers. There are numerous rapids and small falls along the streams of 
this county which, by a little improvement, could be developed into good water- 
powers. Pokegama falls and Grand rapids on the Mississippi, Big falls on the Big 
Fork (Bowstring) river and several smaller falls on this river and on the Little Fork 
are examples of these water-powers. By far the largest water-power in the district 
is ‘that of the Koochiching falls (see plate O, figure 2). Here the Rainy river 
descends from twenty-one to twenty-four and a half feet, the amount of fall vary- 
ing with the stage of the water. It has been estimated that there are 12,000 cubic feet 
of water flowing over this fall every second, and the power here generated averages 
30,000 horse-power, with a probable minimum of 20,000 horse-power. This is thus 
seen to be by far the largest water-power in the state, much exceeding that at dt. 
Anthony falls. A dam of from five to ten feet at the head of these falls would 
increase the hight of the falls as many feet, and would also raise the level of Rainy 
lake from two to seven feet, thus furnishing an immense mill-pond with an enor- 
mous supply of water for use in times of low water in the river. The value of 
this water-power as an aid in the development of this part of the state cannot 
be overestimated. 


*See also under “ Other resources,” in the appendix to this chapter. 
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Clays. As yet no clay beds have been worked in Itasca county, but there is no 
reason why some of the glacial and post-glacial clays will not be used for brick mak- 
ing as the county becomes better settled. The best clays are probably in the 
Cretaceous strata. These have not been explored carefully, but it seems probable 
that much good pottery clay, and even clay for finer material, can be obtained from 
these beds. Kaolin occurs in connection with the Cretaceous strata in the Minne- 
sota River valley, and may also be found in Itasca county. 

Mica. Some of the coarse pegmatyte dikes in the Rainy Lake region contain 
plates of mica of considerable size, and a mica mine has been reported as started 
near Kettle falls in St. Louis county. 

Gold. The appendix to this chapter deals with the gold discoveries in the 
vicinity of Rainy lake, and it will not be necessary here to repeat information which 
can be found there. - 

Tron. The Mesabi range traverses the county from the east side of T. 57-22, 
southwest to the Mississippi river at Pokegama falls. Already deposits of hematite 
ore have been found along this range in Itasca county, as at the Mesabi Chief mine 
and on the land of the Arcturus Iron company. The iron of the Mesabi range is 
discussed elsewhere. It is sufficient to say here that the taconyte or iron-bearing 
member of the Animikie, which is the horizon of the extensive and numerous deposits 
of hematite in St. Louis county, exists in Itasca county, as described and as shown 
on the geological map. The exploration of this belt of taconyte has not been as 
thorough as might be desired, and the results of the exploration are not as encour- 
aging as in certain localities in St. Louis county. Still the future will probably 
show the existence of other hematite deposits in Itasca county, although it is not 
thought that as many and as rich deposits will be found as exist in St. Louis county. 

Rocks of the same age as the Vermilion iron range rocks exist in the vicinity of 
Rainy lake, but we know of no prospects for iron ore discoveries in this district in 
Itasca county, although farther east in Ontario iron ore occurs in rocks of the 
same age. | 

The Vermilion iron range extends into Itasca county from the east, but its 
limits are not definitely known. Its rocks are deeply covered by the drift west of 
the central part of the county, but in Ts. 60 and 61, Rs. 22, 23 and 24, outcrops of the 
characteristic rocks of the Vermilion iron range are reported. Although parties of 
the survey have not visited this district, we feel certain that rocks of the same age 
and nature as the rocks of the Vermilion iron range exist here, and that this district 
is a promising one for explorations for iron ore. Jaspilyte and lean ore already 
have been reported from this locality. 


GEOLOGICAL MAP. 


On the map here presented (plate 65) the areas shown to belong to the Archean, Animikie or Cretaceous are 
those in which the rocks actually outcrop pretty continuously or in which we are reasonably sure that they 
exist immediately under the drift. It is thought best to thus represent knowledge which is definite, rather than 
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to represent the supposed extent of the different formations. On the map the areas described in this chapter as 
containing Coutchiching rocks are indicated by the title “hornblende and mica-schists.” The county has been 
too little explored to enable us to map with aceuracy the different types of drift deposits. We have shown the 
actual and most probable extent of the moraines in the southern part of the county, but have not attempted to 
separate the areas covered by till from those covered by modified drift. The extent of the alluvium covered 
areas is not accurately known. Much of the southern part of the county has been unstudied and it is simply 
represented as covered by the drift. The area included in lake Agassiz is Known to have at the north a consider- 
able covering of lacustrine deposits, While on the south and especially the southwest these deposits in ail 
probability do not cover the till to any vreat extent, if at all. Our present knowledge will not enable us to out- 
line more definitely these two types of surface in the bed of the old lake. 


ROCK SAMPLES, 


The following rock samples, illustrating the geology of Itasca county, have been collected by the survey: 
N. H. Winehell’s series, 1521 to 1.539. 

H.V. Winchell’s series, 83 to 159, 213 to 285, 326 to 327. 

U.S. Grant's series, 1.025 to 1,055. 

Museum Reyister, 8,000 to 8,016, 8,018, 8,021, 8.024, 8,025, 8,112 to 8,114. 


ee ee 


APPENDIX TO THE REPORT ON ITASCA COUNTY, 


The northeastern corner of Itasca county contains the only gold mine in the 
state, and, as the Rainy Lake gold district is well known, it was thought best to 
introduce here information concerning this district. In the latter part of 1894 a 
preliminary report was written on this distmet; as parties of the survey have not 
since visited it, nothing of importance can now (January, 1897) be added to that 
report. It is consequently largely reproduced here with very few alterations except 
the omission of certain parts not directly dealing with the region in question. The 
report was published early in 1895 and occupies pp. 36 to 105 of the twenty-third 
annual report of this survey. It is a matter of some congratulation to the authors 
of this report that their statements in the conclusion do not need to be altered, 
unless it is to make them more emphatic. The Little American mine is the only 
producing gold property on the Minnesota side of Rainy lake, but in several places 
in Canadian territory adjoining the lake, developments are such as to show definitely 
that profitable gold mining can be carried on in the Rainy Lake district. 


PRELIMINARY REPORT ON THE RAINY LAKE* GOLD REGION. 
By H. V. WINCHELL anp U. S. GRANT. 


INTRODUCTORY. 


This report makes no pretension to be an exhaustive description of the Rainy Lake country and of the gold 
interest centered there. The time allowed for study in the tield and in the laboratory has been entirely insufficient 
for the preparation of anything but a preliminary paper. The authors have, however, endeavored to present a 
report which will give some precise and reliable information concerning this region, the occurrence, richness and 


* There is an idea, more or less prevalent, and it has been stated in print, that the name of this lake is derived from & cor- 
ruption of the French names Regnault or René, neither of which has the same meaning as the English raéay. There are no good 
grounds for this idea, Which appears to be merely an assumption. The earliest map we have seen, on which this lake is repre- 
sented, ig that by Ochagach, an Assiniboine chief, who traced it for Verendrye in 1730. On this map Rainy lake is called “Tae 
Tecamamisuen, The next map on which Rainy lake is shown is that of Buache, entitled “Carte physique des terrains les plus 
élevés de le partie occidentale du Canada” and published in 1734. On this map Rainy lake is designated as “Lace Tecamamiouen ov 
de la Pluie,” which is sufficient proof that at that carly date, 40 years ago, the lake was known to the French explorers as atc de 
la Pluie (Lake of the Rain). There are thus most excellent grounds for the belief that the name Rainy lake is a direct translation 
of the original French designation. Most likely, also, the French name was a translation of the Chippewa name. 
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necessary treatment of the ores, the geological structure, and the other resources. It is hoped that this report will 
be of value as an easily accessible source of information to intelligent persons who desire to gain some 
knowledge of this district, as well as to those who are now in the region or who are contemplating visiting it. 
The description of the geology and the general physical features of the Rany Lake region applies especially 
to that part of the lake and its shores lying in Minnesota, but most of these statements will hold equally well for the 
territory on the other side of the International boundary. When certain features tind better development in 
Canadian territory this fact will be mentioned. The geological observations of the authors have been supple- 
mentary to, and in a Jarge degree contirmatory of, the reports on this region written by A. C. Lawson* and H. V. 
Winchell.t To these reports we are indebted for corroboration of many of the facts observed in the field, and in 
some cases for statements which are essential to this report, but which we are unable to make wholly on our own 
authority. This general acknowledgment will suffice to make it unnecessary to give references in cases where 
our observations agree with those of the above mentioned authors, but where we are entirely indebted for cer- 
tain statements to the previously published reports reference will be made to the source of the information.f{ 


GENERAL FEATURES AND GEOLOGY. 
I. GENERAL FEATURES, 


Location. The, area shown on the accompanying geological map (plate N) comprises the region here 
reported on. Roughly speaking, it includes the northeastern corner of Itasca county, the northwestern corner of 
St. Louis county and a belt of country, eight to fifteen miles wide, immediately to the northward in Ontario. 
More accurately the region mapped and described extends from the east side of range 18, St. Louis county 
(about longitude 92° 34’ west of Greenwich), west to the west line of range 24, Itasca county (about longitude 
93° 29’), a distance of forty-two miles; and from the south side of township 69 (about latitude 48° 25’) north to 
latitude 48° 45’, a distance of twenty-three miles. The map thus includes 966 square miles, which are about 
equally divided between Minnesota and Ontario. 

Rainy lake comprises the larger part of the water surface in the area mapped. It extends along the inter- 
national boundary from Kettle falls, in sec. 30, T. 70-18, westward to its outlet in sec. 25, T. 71-24, a distance of 
about forty-one miles. Less than one-fourth of the surface of the lake lies in Minnesota, and several bays 
extend north and northwest of the area shown on the geological map. 

Rainy Lake City, which was the first town started in this district in Minnesota, is situated in sec. 43, 
T. 71-22, Itasca county, and is 135 milesin astraight line north-northwest of Duluth and 20 miles north of St. Paul 
and Minneapolis. Koochiching, Itasca county, and Fort Frances, Ontario, are on opposite sides of the Rainy river 
at Koochiching falls, twelve miles west of Rainy Lake City and two and a half miles west of the outlet of Rainy 
lake. 

Topography. Rainy lake is a very irregularly outlined body of water with many crooked bays and numer- 
ous islands, which vary in size from mere reefs to those several syuare miles inextent. The surface of the lake, in- 
elusive of islands, has been computed to include 344 square miles. Its extreme length is from the east end of 
Hale bay, which is about four miles east of Kettle falls, northwestwardly to the extremity of Northwest bay, in 
all, fifty-five miles. The’ extent of the lake east and west is forty-six miles, and the extreme width (north and 
south) thirty-three miles, of which twenty-three miles are in Canadian territory. On account of the irregular 
shape of the Jake and its numerous points and islands there is no very considerable stretch of open water, but in 
a few places the view is unobstructed for ten to fifteen miles in one direction. That part of the lake lying along 
the international boundary consists of an eastern arm extending from Kettle falls to Brulé narrows, and the 
southern side of the main part of the lake lying west of Brulé narrows. The eastern arm is twenty miles long 
(east and west) and from two to five miles wide. The main part of the lake has several large bays running north 
into Ontario; in fact, most all of this section of the lake lies north of the boundary line. The only extensive 
bay on the Minnesota side is a shallow body of water lying in the north half of T. 70-22, known as Black bay, or 
as Rat Root lake hy the Indians. 

The land surrounding Rainy lake, except on the west, slopes toward the lake, which thus receives the 
drainage of a considerable area. The extent of the drainage basin of Rainy lake is some 16,440 square miles, of 
which 4,440 are in Minnesota and 12,000 in Ontario. The two most important sources of supply from Minnesota 
are the waters of the Vermilion river and those of the international boundary chain of lakes. This latter 
source brings water from both sides of the boundary line for a distance of 150 miles to the east-southeast of 
Kettle falls, 7. e., from the divide between the lake Superior and the Hudson bay drainage in T. 65-2 W., Cook 
county (between North and South lakes). Rainy lake, whose drainage basin is equal to nearly one fifth of the 
area of the state of Minnesota, discharges its waters through the Rainy river. This begins at the outlet of the 
lake in sec. 25, T. 71-24, a locality known as Koochiching by the Indians. Here are two small rapids, with a fall 
of three feet, beyond which the river flows westward as a stream 600 to 1,200 feet in width to the Lake of the 


*Report on the geology of the Rainy Lake region, Geol. and Nat. Hist. Survey of Canada, Annual Report. for 1887-’88, new 
series, vol. iii, pp. 1 F-182 F. pls. 12-19, 1880. Accompanied by a geological map. 
_ tReport of observations made during the summer of 1887. Geol. and Nat, Hist, Survey of Minn, Sixteenth (1887) Annual 
Report, pp. 395-478, 1888. Accompanied by a geological map. 
} Since this report was published the Ontario Bureau of Mines has issued reports on the Rainy Lake region, as follows: 
: A. P. COLEMAN. Gold in Ontario; its associated rocks and minerals. Fourth Report of the Bureau of Mines af Ontario, pp. 
35-100, 1885; with maps. 
A. P. COLEMAN. Second report on the gold fields of western Ontario. Fisth Report of the Bureau of Mines of Ontario, pp. 
47-108, 1896; with maps. 
ARCHIBALD BLug. A tour of inspection in northwestern Ontario, Fbid, pp. 107-1. 
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Woods, and from thence the waters find their way into Hudson bay. Two and a half miles west of the outlet 
are the Koochiching falls, where the river plunges over a ledge of rock twenty-one to twenty-four and a half 
feet high at different stages of water in the river. (See plate O, figure 2.) It is estimated that there are 12,000 
cubic feet of water flowing out of Rainy lake every second. 

The altitude of Rainy lake has been definitely determined as 1,111 feet above sea level. The greatest 
known depth of the lake is at a place about six miles north-northwest of the Brulé narrows, where there is the 
lowest depression in the region, or a depth of water of 110 feet, while the average depth of the lake is probably 
not far from forty-seven feet.* The accompanying table gives the hights in feet above the sea level of some of 
the lakes in this vicinity and to the southward. Those marked by an asterisk are accurately determined. 


Feet. 
Rainy lake, - - . . . - - - - . - - *1,111 
Kabetogama lake, . - . . . - - - - - *1,121 
Namekan lake, - - 2 - - : : - ee - - *1 121 
Sand Point lake, — - : : - : : 7 “ 2 : “ *) 121 
Crane lake, - - - é . - - - : : - ‘ *] 121 
Little Vermilion laket - - - . - 2 - - . . *1 (121 
Basswood (Bassimenan) lake. oe 2 - : : - = - *1,300 
Vermilion lake, : . : : : i : Z - . - *1 3357—1,360 
Lake Superior, . - - - - : 2 : : 7 : *601.56 


The Rainy Lake district is of the nature of a plateau with a very gentle slope from all directions, except 
the west, toward the lake, This plateau. while not having a perfectly even surface, still is not broken by any 
considerable elevations or depressions, and altogether has a decided flatness. The immediate shores of the lake 
usually do not rise more than fifty feet above the water, and Jand 100 feet higher than the lake surface is not 
common. The highest land in the Minnesota part of this district is just to the south of Kabetogama lake, and 
the highest elevation in the area mapped is between Open Water narrows and Bear's passage, where a ridge rises 
about 275 feet above the lake level. or about 1.400 feet above the level of the sea. The lowest depression has 
already been mentioned, 110 feet below the surface of the lake, or 1,001 feet above the sea. The average eleva- 
tion of the land is probably not more than sixty feet higher than the lake, or 1,171 feet above the sea. A 
number of soundings made by Dr. A. C. Lawson show that the general level of the lake bottom is about as much 
below the surface of the water as the adjacent land is above it; consequently if land and water areas were in 
equal amounts, the general level of the plateau would be nearly that of the surface of the lake. But, as the 
land surface much exceeds the water, the average elevation is some feet above the lake level; and it is estimated 
that the average elevation of the plateau in the area shown on the geological map (plate N) is approximately 
1,150 feet above the sea. or about 500 feet higher than lake Superior. 

The remarkable general flatness of the district is well shown by the large area penetrated by water that 
stands at nearly the same level. Rainy lake itself, with an extent of forty-six miles east and west and thirty-three 
miles north and south, may be said to extend through a rectangular area of these dimensions; thus its waters are 
spread out in various parts of a district including 1,500 square miles, and the general elevation of this rectangular 
district is not many feet above the lake surface. While just to the south and southeast is a series of lakes, 
including Kabetogama, Namekan, Sand Point, Crane and Little Vermilion lakes, which have an area probably 
half as large as Rainy lake and which stand at a level only ten feet higher. 

This plateau-like nature of the district will be again referred to in the outline of the geological history of 
the region, and a possible explanation of the present topography will be suggested. 

In its general appearance this district is characteristic of much of northeastern Minnesota: it is a country 
of lakes, swamps, and timbered rocky knolls. The surface, especially in the district here reported on, is not truly 
hilly, but mammillated or hummocky. The small knolls that rise above the level of the lakes and swamps are 
glacially rounded and are covered with only a scant soil, which, however, supports quite a luxuriant growth of 
pines, spruces, balsam tir, white birch and poplar. The shores of Rainy lake are generally rocky, but toward the 
western end sand beaches are frequently seen, and the heads of the bays are usually marshy or swampy. Over 
large tracts there are practically no surface deposits of glacial or more recent origin, the rocks coming to the 
surface whenever the thin forest soil is pushed aside. The surface is dotted with numerous lakes and lakelets 
varying in size from an acre to bodies of water a hundred or more square miles in extent. The lakes are largely 
in completely rock-bound basins and most of them are elongated in a direction parallel to the trend of the country 
rocks. From one rocky basin a short, rapid stream carries the water of one lake down to the next lower 
basin, and in this way the greater part of the drainage is accomplished. Aside from these streams there are over 
large areas none of any importance and nothing that can be called a river, but wherever the rocks are covered 
with considerable quantities of drift the lakes become scarcer and the drainage is carried on by the ordinary 
rivers and smaller streams. The outlets of the lakes are so narrow that, after the melting of the snows and after 
the early spring rains, the waters are partially dammed back and held at a level four or five, or even ten feet 
higher than normally. 

At the west end of Rainy lake this surface of lake and rock suddenly gives way to a plain of clays, through 
which the underlying rock rarely emerges. The change from the rocky lake country to this clay plain is abrupt 
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*A.C. LAWSON. Op. cit., pp. 18 F, 16 F. 
+ Kabetogama and Namekan lakes seem to be at exactly the same level. Namekan lake is a little below Sand Point lake, 
and the latter is a little lower than Crane and Little Vermilion lakes. 
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and very striking, and is intensified by an equally sudden change in the flora; the lake shores and the country 
to the east have a forest largely of evergreens and boreal in its aspect, while to the west of the lake a forest 
largely deciduous and more southern in its character appears. The extremely flat surface of the plain is, as far as 
altitude is concerned, a continuation of the rocky plateau to the east; it has a gentle slope to the west and is 
unvaried by lakes or other features except the shallow, steep-sided trenches cut by the Rainy river and its 


tributaries. 
II. GEOLOGY. 


The rocks underlying this district are among the most ancient known. Toa considerable extent they are 
completely crystalline, and, while many of them bear evidence of having been deposited in water as true 
sediments, still they offer no trace of any fossils and are regarded by some geologists as older than the earliest 
life on the globe. From the flat position, in which these strata were originally deposited, they have been elevated, 
folded and crumpled so that now they stand in abnormal attitudes; and in addition to the mountain-making 
forces to which these rocks have been subjected, they have been intruded by vast masses of granitic rock. Thus 
it is difficult to decipher the exact structure of the region. Another cause of this difficulty is the almost univer- 
sal development, except in some of the granitic rocks, of parallel schistose structures, which are easily mistaken 
for sedimentary planes and which are not always parallel to these planes, although as a rule in this district the 
schistose structure coincides in direction with the bedding. The general strike of the rocks is from east and west 
to east-northeast and west-southwest, but outside of the area shown on the geological map the strike varies 
much, the rule being that it follows around the outlines of the great granite-gneiss masses of the region. 

In age, all of these rocks, with possibly the exception of the diabase dikes whose exact age is unknown, 
are pre-Cambrian. They are readily separable into four distinct groups. Beginning with the lowest these are: 
(1) Laurentian, composed of granites and granitoid gneisses and allied rocks; (2) Coutchiching, composed of 
mica schists grading into fine grained gneisses; (3) Keewatin, composed of hornblendic, greenish and sericitic 
schists, conglomerates, graywackes, ete.; (4) Diabase dikes, more recent than and cutting all the others. The 
following table will show the position of these rocks at the base of the geological column, their equivalents in 
the country to the southeast of Rainy jake and their designations in the terms used by the Geological and 
Natural History Survey of Minnesota. In the nomenclature of the U. 8S. Geol. Survey the Keewatin and 
Coutchiching belong to the Algonkian, and the Laurentian to the Archean or Basement Complex. In the table 
the uppermost or more recent rocks are placed at the top. 
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The Rainy lake district has no solidified rocks more recent than these ancient Archean ones, but scattered 
over the surface are small deposits of glacial drift, and just west of the lake, as has already been mentioned, is 
a considerable thickness of clays. 

The Laurentian.* The Laurentian is composed entirely of completely crystalline rocks, granites and 
syenites with gneisses of the same mineralogical composition. The extent of territory covered by such rocks in 
northern Minnesota and adjacent portions of Ontario is surprisingly great. Nearly a third of the region here 
reported on is underlain by the Laurentian, while all the shores of Rainy lake north of the area shown on the geolog- 
ical map are composed entirely of these same rocks. Contrary to expectation, these hard granitic rocks do not 
always form pronounced hill ranges, as is the case with the Giant’s range of granitic hills on the northern flank 
of the Mesabi iron range, but very frequently these areas of Laurentian rock give a comparatively level surface 
on which are extensive and extremely irregularly outlined bodies of water. Examples of these spider-like lakes 


*In this report the term Laurentian is used to include all the gneissic and granitic rocks of the Archean in this region. 
That many of these rocks are of later date than, ana intrusive into, parts of the Coutchiching and Keewatin, is well known: but, 
as such rocks have generally been mapped and described as Laurentian in the previous reports of the Minnesota survey, and as 
they have been also described under this term by Lawson in his well known writings on the geology of that part of Ontario lying 
immediately to the north of Minnesota, and as such rocks are generally known as Laurentian, the writers have thought best to 
retain this term in the present report, even though this usage is,in part at least, a violation of the idea of Laurentian used strictly 
45 an age term. 
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stretching over considerable areas of granite can be seen in Saganaya, Basswood (Bassimenan) and Crooked lakes, 
and in Lac Ja Croix and a large portion of Rainy lake itself. 

In color the Laurentian rocks are white, gray, pinkish and reddish, the prevailing color in any one place 
being largely due to the color of the most important mineral, the feldspar. In grain these rocks vary from those 
in which the individual minerals can scarcely be recognized with the naked eye, to very coarse aggregates where 
some of the feldspar crystals are several inches across. Most of these rocks can be called granites, 7. e., they are 
granular ageregates of quartz and feldspar with a dark mineral, either black mica (biotite) hornblende or augite. 
Sometimes two of these are present, and in other places, especially in the coarse grained dikes or veins which 
occur in the mica schists, white mica (muscovite) is the only mineral present in addition to the quartz and feld- 
spar. The quartz frequently diminishes in quantity and even completely disappears; such a rock with no quartz, 
or a very small amount of it,is known as syenyte. In fact all the minerals vary greatly in amount in the different 
parts of one rock mass. For example, a rock in a certain place composed of quartz, feldspar and hornblende 
will vary by a gradual decrease of the hornblende until almost none is left, and we have a rock composed almost 
entirely of quartz and feldspar; or, as the hornblende decreases, mica or augite may’ increase and we have a 
change from a hornblende granite to a mica or an augite granite. The only mineral which is prevalent throughout 

_the whole of the Laurentian is feldspar, and even this varies greatly in amount within small distances. 

In structure, also, the Laurentian rocks ditfer considerably. The granites and syenytes are sometimes 
massive in appearance, ¢. e., they exhibit no schistose or laminated structures; the structure is granular, and 
every part of an exposure is like every other part, except perhaps as regards the relative proportions of the 
ditferent minerals or the fineness of the grain. But this massive appearance is by no means prevalent through- 
out the whole region; it generally gives place fo a somewhat schistose or foliated structure. Some of the minerals 
of the granite or syenyte are often seen elongated or flattened in one direction; this is especially true of the 
mica. When this is the case the rock breaks more easily along the planes in which these crystals he. Or the 
rocks may be crossed by narrow streaks which are composed largely of one mineral with the longer diameters 
of many of the crystals Iving roughly parallel. At other times certain bands, one to three or more inches wide, 
will be seen running through the rock, each band being of a somewhat different composition or texture from the 
adjoining ones. These fohated and banded rocks are known as gneisses, and in this region they can be conven- 
iently designated as granite gneiss or syenyte gneiss, depending upon whether the mineralogical composition 1s 
similar to that of granite or syenyte. These various features of the Laurentian rocks allow them to be separated 
into different classes or groups both mineralogically and structurally, but these groups are frequently seen 
grading into each other. The hornblende granite of one point will pass gradually into a hornblende syenyte 
near by, and this again may change toa mica syenyte. Again, a perfectly massive rock will become foliated 
within a short distance, the intervening steps between the massive and the foliated or gneissic rock being 
readily traceable. It thus is often impossible to draw a line between the various phases of these Laurentian 
rocks; consequently in the geological map no attempt has been made to separate the different varieties. It is 
unnecessary to describe all the outcrops of these rocks, or to indicate the areas occupied by each of the different 
groups, but a brief account of a few of the more interesting or typical occurrences will be given below. 

At Koochiching falls the rock is a medium gray biotite svenyte; the component minerals are white feldspar 
and biotite, with a little hornblende and epidote. This svenyte is massive in some places, but usually shows a 
slight indication of a foliated or gneissic structure, thus approaching a biotite syenyte gneiss. It contains many 
darker masses, sometimes a foot or more in diameter; they are composed of the same minerals as the main part 
of the rock, but the mica makes up a very large proportion of each dark mass. These darker masses can be 
referred to fragments of foreign rock included in the syenyte, or to segregations of the basic minerals of the 
syenyte itself. This medium grained gray biotite syenyte is the usual phase of the rock at the falls. It is 
especially well shown in the rocks thrown out from an excavation for a canal at Fort Frances made by the 
Canadian government some years ago. Below the falls the rock becomes porphyritic with crystals of flesh 
colored feldspar which are often an inch in length. These crystals stand out all over the weathered surfaces of 
the rock. Two islands about three-fourths of a mile below the falls contain excellent exposures of this rock; the 
upper of these islands is composed of syenyte alone, while the lower also shows a tine mivaceous schist, which, in 
places, is seen in sharp contact with the syenyte; and in other places there is apparently a transition from the 
svenyte to the mica schist within a distance of a few feet.* Along the river above the falls on the Canadian side 
no outcrops were seen, but two exposures of the syenite occur on the Minnesota side; the first of these is in the 
town of Koochiching about where the north line of sec. 34, T. 71-24, cuts the shore, and the second is near the 
centre of the N. 15 of N. W. 14 see. 35, T. 71-24. At the latter outcrop the rock is porphyritic with feldspar 
crystals, most of which are bright red in color, while a few are greenish. 

In the N. E. 14 of sec. 28, T. 71-23, in Rainy lake, is an island elongated ina north and south direction, 
while just a few yards to the southwest is another and smaller island on which the usual relations of the mica 
schist and the granite are clearly and unmistakably shown. The latter rock forms the northeast side of this 
little island and the former the southwest. side: along the centre of the island the two are in contact. The 
granite is a light gray rock of medium grain, composed of white feldspar, which is probably largely orthoclase, 
quartz and biotite. There is sometimes a sub-porphyritic aspect due tothe existence of a few crystals of feld- 
spar larger than the other crystals of the rock. There is also an indication of a foliated structure caused by an 
indistinct streaming of the biotite and an elongation of some of the feldspars in one direction. This is not 
pronounced enough tostrictly allow the application of the term gneiss, and the rock may be called simply a granite, 


* Seventeenth (1ss7) Ann, Rept. Geolvand Nal. Hist. Survey of Minn., pp. 410-412, 1888 See also A. N. WINCHELL. The 
Koochiching granite, Aim. Geol., vol. xx, pp. 20-200, 187, 
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or a gneissic or gneissoid granite if it is desired to make the existence of an indistinct foliation prominent. 
This partial foliation agrees in strike and dip with the mica schist which stands nearly vertical and trends 50° to 
60° east of north. At the contact line, which roughly follows the direction of the strike, the granite is not 
particularly finer grained, nor does it differ otherwise from its normal condition. A few angular fragments of 
mica schist are to be seen entirely surrounded by the granite, and in the mica schist are irregular vein-like forms 
or dikes running both across and along the beds of mica schist: some of these dikes can be traced directly into 
the main mass of granite. They are of all sizes from a fraction of an inch to several feet in width. A hand 
specimen collected to illustrate the contact shows a small stringer of granite, one-fourth of an inch wide, which 
starts out from the main mass of the granite, runs for two inches in the mica schist and then gradually thins out 
and disappears. The relations of these two rocks show conclusively that the granite here acts as an eruptive 
rock and that it has been forced, while in a plastic or fluid state, into cracks or tissures in the mica schist. At 
the contact the mica schist does not appear much different from the same rock a short distance away, but it is 
harder and less schistose, and microscopical examination would probably show some mineralogical changes due 
to the heat of the granite. Another interesting feature on this small island is the occurrence of small dikes of 
a finer grained rock which cuts the granite itself and is therefore of later date. This rock is a very fine-grained 
white granite composed almost entirely of quartz and feldspar; it cuts the main granite in numerous small 
dikes which are two feet or less in width. These dikes are not finer grained at the edges than at the centres, 
and they do not exhibit any foliation; there is nothing to show definitely how much later these dikes are than 
the main mass of the granite, but it is probable that the two rocks do not differ much in age. One dike of this 
fine-grained white granite (or aplyte) was seen in the mica schist. 

Three-fourths of a mile east of these islands, on the blunt point near the centre of the north side of sec. 
27, T. 71-23, the granite and mica schist are again seen in contact. Here the granite exists commonly in thick 
bed-like forms between the layers of mica schist, but in many places these “beds” are seen to be directly con- 
tinuous with other masses of granite that cut directly across the beds of mica schist. The contact of these two 
rocks can also be seen on the island in the S. E. 14 sec. 22, T. 71-23. 

It is not uncommon to find in the mica schists large veins or dikes of very coarse-grained rock of a com- 
position similar to the granites. Insuch places the individual crystals often reach a length of severa] inches. The 
minerals of these coarse-grained rocks are feldspar, which is usually pinkish or reddish and is either orthoclase or 
microcline, quartz, and most commonly muscovite. The quartz and feldspar are often grown together in such a 
manner as to form graphic granite, 7. e., a certain large mass of feldspar, which is shown to be all one crystal by 
the extension of the same cleavage plane through it, is spotted all over by smaller grains of quartz; and each 
quartz grain, when studied under the microscope, is seen to have the same crystallographic axis as the other 
grains in the same feldspar crystal, showing that these grains are really all parts of the same quartz crystal. 
Perhaps a good illustration of this growing together or interpenetration of feldspar and quartz can be had by 
likening the feldspar crystal to a sponge full of cavities, which cavities have all been filled by a continuous mass 
of quartz. Rocks of this nature are quite common along the shores of Kabetogama lake, and to the south and 
east along the international boundary. The individual crystals of feldspar often reach surprising dimensions. 
For instance, in one place a crystal was seen which measured actually thirty-three inches in length, and many 
were found over a foot long. The locality where this large crystal occurs is on the point which is at the centre 
of the W. '5 of S. E. 14 sec. 19, T. 70-18, on the south shore of the eastern arm of Rainy lake. Here this coarse- 
grained rock, which is often known as pegmatyte, forms large veins or dikes in the mica schist. Sometimes these 
pegmatyte forms occur in the granite itself. 

A short distance northwest of Shoal lake are gold-bearing veins in an area which has been mapped as 
granite. The rock in which the veins occur is somewhat different from that seen elsewhere, and, as it has been 
called by various names, we have endeavored to make arather careful examination of the specimens we have of 
this rock in order to determine, if possible, just what the rock is. As just stated, this rock has been called 
granite, and there are areas in the midst of the rock which hold the veins that are true granite, and which do 
not seem to be sharply separated from the vein-holding rock. A description of a specimen from one of these 
granitic areas on Wiegand’s location, A L 75, is as follows: 

Macroscopically this rock is a gray granite of medium grain, and quite fresh. The minerals are quartz, 
feldspar and biotite; the first two are in approximately equal amounts and compose three-fourths to five-sixths 
of the rock. The feldspar is whitish, varying to greenish and pinkish, the latter shade apparently due to iron 
staining. 

Under the microscope the structure of the rock is seen to be truly granitic. In addition to the minerals 
mentioned above are small flakes of muscovite and a few greenish areas composed of chlorite. The quartz is 
ordinary granitic quartz containing bubbles and gas cavities. It shows undulatory extinction, and frequently a 
large grain has been fissured into many smaller ones which, however, have not been separated from each other 
and so extinguish at almost the same time. Undulatory extinction and this fracturing of the grains are the 
effects of pressure on the quartz, which mineral is one of the first to show the effects of having been subjected to 
pressure, especially when enclosed ina hard, solid substance like granite. The feldspar is highly altered, largely 
to a mass of brightly polarizing flakes and fibres, which seem to be muscovite. In some grains a trace of 
polysynthetic twinning still remains, and undulatory extinction is present. The feldspar was originally ortho- 
clase and an acid plagioclase apparently of the albite-oligoclase series. 

To sum up, this rock is a typical medium grained biotite granite, or granityte, with the feldspar consid- 
erably altered; the rock has been subjected to pressure, as shown by the fracturing of the quartz and the 
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undulatory extinction of both quartz and feldspar, but no schistose structure can be seen either in the hand 
specimen or in the slide. 

The rock in which the veins occur at Wiegand’s location, A L 75, is a peculiar greenish gray rock composed 
of quartz grains imbedded in yellowish green ground mass. The quartz is in glassy grains of all sizes up to those 
one-fourth of an inch across; some of the grains are pinkish, due to iron staining. The ground mass is too fine- 
grained to allow its constituents to be distinguished by the naked eye; it appears homogeneous, is soft, has a 
greasy feel, can be readily scratched with a knife and etfervesces slightly with cold hydrochloric acid. <A slight 
schistose structure can be distinguished in the ground mass. A few grains of pyrite occur, but fully a third of 
the rock is quartz. 

The thin section shows a number of quartz grains of various shapes and sizes imbedded in a ground mass 
of minute fibres. The quartz shows undulatory extinction and fissuring to a better degree than tn the granite 
just described. A few small fakes of muscovite are present, also a small amount of calcite and an opaque yellow- 
ish substance. The tibres of the ground mass are quite small and polarize in rather bright colors; they are 
muscovite or sericite. Mixed in with the fibres are very minute grains of quartz and perhaps also some of feld- 
spar. At places in the ground mass are irregular areas and shreds of feldspar; often these have a few flakes of 
mica in them and their edges are jagged, due to a penetration of the fibres into the feldspar substance. Fre- 
quently several areas of feldspar in the same vicinity extinguish together, showing that they are remnants of an 
originally larger grain which has passed almost completely into mica. The tibres of the ground mass are often 
elongated in one direction; this causes the schistose structure of the rock. 

As to just what this rock was originally it is hard to make a positive statement. That it has been subjected 
to pressure and shearing is evident from the condition of the quartz and the schistose structure of the rock. It 
is also evident that some parts, at least, of the ground mass are due toa breaking down of feldspar grains, the 
remnants of which are still present: it is not improbable that most of the ground mass has a like origin. While 
all the tield relations of this rock are not known, still it occurs in an area of rock in which are parts that are 
certainly granite, as that just described, and it does not seem to be sharply separated from these certainly 
granitic areas. The quartz grains are very similar to those in the granite above described. Thus it seems possi- 
ble, and indeed probable, that the rock under consideration was originally a granite, and that it has heen 
subjected to pressure and shearing, which have induced the schistuse structure, and which, with the aid of 
percolating waters and perhaps heat also, altered the oriyinal minerals (excepting the quartz) to the present 
fibrous ground mass. The quartz shows fracturing and undulatory extinction, but is otherwise unaltered, as it is 
almost indestructible when compared with the other minerals of the granite. That the rock might have been 
other than a granite itis impossible at present to deny: there are, however, no characters that necessarily indicate 
another origin. The original nature of the rock can be determined only by a careful investigation of the field 
relations supplemented by microscopic evidence. But from our present knowledge we would consider this rock 
as most probably an altered phase of granite. 

The exact nature and origin of these Laurentian completely crystalline rocks in the Rainy Lake region 
and elsewhere are rather complicated questions and cannot yet be settled to the satisfaction of all who have studied 
them. That these rocks in the region here considered are now totally lacking in characters that clearly show 
them to have once been clastic like ordinary sediments goes without saying. And there is no positive proof 
that the more pronounced gneisses, those that show alternations of hands of different mineralogical or structural 
characters, which varieties of gneiss are not common, were once sedimentary, although the presence of this 
banding and other less pronounced foliation is to some a strong argument for an originally sedimentary nature. 
That these granitic rocks are intrusive in numerous places into the Coutchiching mica schists, and often int 
the Keewatin rocks, is absolutely certain. Good proof of the metamorphism of the clastic rocks of the region to 
form gneisses has not yet been observed, although places that show this may be found in the future. Dr. 
A. C. Lawson, who is familiar with this region, thinks that these Laurentian rocks represent older rocks than the 
Coutchiching, but whether originally sedimentary or not is only to be guessed at: they have been softened and 
fused and while in this condition have been intruded into the rocks lying above them and there solidified. The 
following quotation from this author will help to explain his view: 

“This group of crystalline rocks, granites and syenytes, foliated and non-foliated, forms the floor of the 
region upon which rest all other formations that are not in the condition of dikes or intrusive bosses. Regarded 
as a geological system of rocks it occupies an apparently paradoxical and anomalous place in any scheme of 
classification. As the floor or basis upon which the geological column of stratiform rock rests, it must be 
regarded as the first or fundamental system of rocks of which we have any cognizance. If, however, we inquire 
as to the age of these rocks, we are forced, by the direct application of the simplest principles of geological 
science, to look upon them as of later age than certain of the series which overlie them. We do not yet know 
their original condition prior to the fusion from which they solidified into granites, syenytes and gneisses. They 
may have been sedimentary; they may have been the original crust of the earth. The abstract speculations 
that are so often indulged in on this and similar questions have not decided the facts of the matter. There is 
yet no sufficient ground for a just opinion upon it. But whatever may have been that original condition the evi- 
dence is clear on this point, viz.: that vhe fusion and solidification, whereby they were brought into their present 
condition as firm crystalline rocks, took place at a period subsequent to the existence, in a hard, brittle condition, 
of the stratiform and often very distinctly clastic rockg which occupy a higher place in the column. Therefore, 
as rocks, the members of this fundamental system are of younger age than that of the nearest overlying forma- 
tions. An analogous case with which every geologist is familiar is that of dikes. These are of younger age 
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than the strata they cut, although the main mass, of which they are merely the apophyses, is far inferior to 
those strata and may form the base upon which they rest.’* 

Under this view, concerning the Laurentian, the floor on which the Coutchiching rocks, and in some 
places the Keewatin, were deposited is now entirely unrecognizable: it has been softened and moved so that its 
relation to the Couchiching is now an eruptive one. On the other hand, it seems probable that parts of this old 
floor are still preserved; such places, however, have not yet been found in this locality, all the granite and gneiss 
areas examined apparently showing an eruptive relation to the Coutchiching; and the same can be said of the 
relations of the granite and gneiss to the Keewatin. However, to the northeast of Rainy lake rocks apparently 
corresponding to the Keewatin have been found unconformable upon an older series of granites and gneissest 
supposed to represent the Laurentian: and it is not impossible that the Keewatin conglomerate seen on the north 
of Shoal lake will be found to be unconformable on the granite to the north. Many problems concerning these 
ancient rocks, -Laurentian, Coutchiching and Keewatin,- especially as regards their relations to each other, - 
are still unsolved, and it will not be profitable to discuss them further here. | 

The Coutchiching. This series of rocks, while occupying a large amount of territory, is of comparatively 
simple character and will need but a brief description. They extend along the south shore of Rainy lake from 
the outlet east to Jacktish bay, then for a distance of eight miles (to the line between Itasca and St. Louis 
counties) the Keewatin occupies the shore, but all the south shore east of this and all the shores of the eastern 
arm of the lake, with the exception of a few granite areas, lie entirely in rocks of this series. Other small areas- 
are found to the north of the belt of Keewatin rocks that runs east-northeast from Jacktish bay. 

Lithologically the Coutchiching is preéminently a mica schist formation; with the mica, which is mostly 
biotite, is either quartz or feldspar, and commonly both in the more coarsely crystallized facies. The rocks near 
the outlet of Rainy lake are mostly quite fine grained mica schists or even gray to brownish mica slates, but 
usually the Coutchiching rock is a well defined mica schist. In close proximity to some of the granite masses, 
as along the north shore of Kabetogama lake, the mica schist becomes quite coarsely crystallized and might 
properly be called a gneiss, but itis not easily confounded with the gneisses of the Laurentian. In addition to the 
usual minerals, others, such as garnet and staurolite, are sometimes found in the mica schists not far from their 
contact with masses of granite. The schistose structure, due to an arrangement of the mica scales in roughly 
parallel positions, is characteristic of this series. In many places there are rapid alternations of bands, from an 
inch to several feet in width, of slightly different mineralogical composition, structure or color; the position of 
these bands gives the strike and dip of the rock, and where they are lacking the schistose structure is taken to 
indicate the strike and dip, as this structure seems to be parallel with the banding wherever the two are seen 
together. There is a vast thickness of this monotonous mica schist formation along the eastern arm of Rainy 
lake and to the southward; several estimates by Dr. A. C. Lawson show an apparent thickness of about five 
miles.t These Coutchiching rocks in several particulars appear so much like ordinary sediments that it seems 
necessary to consider them as sedimentary beds which have been more or less recrystallized tn situ by metamor- 
phic processes. This change has been largely in the nature of regional wetamorphism, but the more coarsely crys- 
talline condition of the beds in close proximity to intrusive masses of granite shows that contact metamorphism 
has also played an important part. . 

The relation of the Coutchiching to the Laurentian has already been mentioned. Its relation to the 
Keewatin is not definitely known. The Coutchiching, however, is lithologically quite distinct from the overlying 
Keewatin rocks, and in the field it is a comparatively easy task to separate these two series of rocks. Where 
they are in contact, however, they have the same strike and dip and thus appear strictly conformable. But the 
difference in lithology between the Coutchiching and Keewatin is marked: in the former we have no evidence of 
volcanic activity, while in the latter there are numerous proofs of great volcanic activity, in fact, the Keewatin 
can be said to be characterized as a period of intense and wide-spread eruptions. Moreover, in the Keewatin 
are conglomerates, which, in places, seem to be basal beds resting on the Coutchiching. Lawson has conse- 
quently inferred an unconformity between these two series, and while the existence of this is not undoubtedly 
proven, it still seems quite probable. 

The Keewatin. This series of rocks is more varied in lithology than either of the others just described, 
and it is of more interest on this account, and also because in it are found many of the gold. bearing veins thus 
far discovered. The rocks are conylomerates, slates, sericitic, chloritic and hornblendic schists, agglomerates, 
graywackes, and more or less altered igneous rocks, both acid and basic. The presence of large amounts of 
hornblendic and other green schists, some of which are clearly of igneous origin, gives to this rock series a 
prevalent green color, and this abundance of “greenstones” and “yreen schists” is one of the most character- 
istic and distinctive features of the Keewatin serics. That parts of these green rocks represent ancient igneous 
ejections, both lavas and ash beds, is absolutely certain; and, as before stated, they show that the Keewatin was 
a time of violent and extensive volcanic activity. But the Keewatin was also a time of deposition for ordinary 
sediments. Much of the fragmental volcanic material seems to have been deposited in water, which has given 
a stratiform character to the beds, and mixed with this fragmental igneous matter was more or less of ordinary 
sediments; the two kinds of deposits evidently grade into each other, the igneous material predominating in close 
proximity to volcanic vents. These Keewatin rocks, like the other series, have participated in great earth move- 


*Amer. Jour. Sei., 3d series, vol. xxiii, pp. 474-475, 1887. 

tH. L. SMYTH. Structural geology of Steep Rock lake, Ontario; Amer. Jour, Sci., 3, vol. xlii, pp. 317-381, pl. 11, 1801. 
Geol. and Nat. Hist, Survey of Canada, new series, vol. iii, pp. 101-102 F. 1889. 
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ments, which have produced slaty and schistose structures. The effects of these movements seem to have been 
better registered in the Keewatin rocks than elsewhere by a more pronounced and almost universally present 
schistose cleavaye. 

The most important belt of Keewatin rocks is that which is first seen on the south shore of Rainy lake at 
Jackfish bay. West of here this belt has not been earefully traced out, but a few outcrops have been seen, 
some of which will be mentioned below. East of this bay the Keewatin forms the south shore of the line 
between Itasca and St. Louis counties: and a number of islands just to the north of the shore, the largest of 
which are Grassy, Grindstone, Dryweed and Sand Point, are mostly composed of the same rocks. This belt of 
Keewatin runs a little north of east, crosses the lake, and extends past Seine bay, and Shoal and Bad Vermilion 
lakes and eastward bevond the limits of the map. 

To the west of Jackfish bay sections were made south from Rainy river in two places. The first was along 
the west line of sec. 35, T. 71 24, and southward for a mile and a half bevond the south line of this section. No 
outcrops were seen; the ground passed over is nearly level and forms a part of the clay plain which lies along 
the river. However, in the 8S. BE. !, of S. W. 1, of this same section there is an exposure of considerable extent, 
which rises a few feet above the level of the plain. The rock is a tine-grained gray sericitic schist or slate with no 
pronounced lines of sedimentation. The cleavage, as measured in three places, runs N, 50° E. (mag.) and stands 
about vertical. Parallel with the cleavage are fine lamin: which, in the absence of more definite indications, 

‘are assumed to represent the true sedimentary planes of the rock. The second section was made from the iake 
shore at the outlet, along the east line of ranve 24, to a point half a mile south of the southeast corner of T. 
71-24. Several outcrops were crossed, allof which present a schistose cleavage that runs N. about 50° E. (mag.) 
and dips at a high angle toward the northwest. In some places a distinct alternation of beds of different com- 
position was seen; these give the true strike of the rock which, as far as seen, coincides with the cleavage. The 
rock of these outcrops is largely a sericitic schist, but it frequently becomes darker colored and greenish, and 
contains minute laminw of white siliceous material. 

On the south shore of Jackfish bay and on an island in this bay near the west line of sec. 26, T. 71-23, 
are excellent exposures of conglomerate. The conglomerate of this island, which is made entirely of this rock, 
has as a matrix a greenish to gravish fine-grained schistose rock composed of silvery micacecous scales and other 
material which is too finely divided for recognition by the naked eve. In some places the matrix becomes 
coarser and is crowded with quartz grains the size of a pin’s head and larger. The pebbles of the conglomerate 
are very numerous and are well distributed throughout the rock of the island: they vary in size from pieces the 
size of a pea to those that are ten inches across. Several kinds of rock are represented in these pebbles, but the 
most common is white or yellowish vein quartz: next in abundance are pebbles of a gray rock which seems to be 
a very tine-grained granite. Pebbles more or less similar to the matrix are also common: these are not easily 
recognized on fresh fractures, but on weathered surfaces they are quite readily distinguished. The pebbles are 
mostly well rounded; this is especially true of those composed of quartz which are very sharply separated from 
the matrix and can be easily dislodved. The conglomerate has been subjected to shearing and stretching and as 
a result the pebbles are commonly seen flattened in one plane, which coincides in direction with the schistose 
cleavage of the matrix. The strike of this cleavave is N. 60-65° E. (mag.) and the dip is about vertical. In 
a few places there are some indications that the true strike of the conglomerate is almost at right angles to the 
strike of the cleavage: these indications, however, are not entirely satisfactory evidence of the position of the 
bedding, nor is there satisfactory evidence that the true strike is parallel with the cleavage. On the south shore 
of this bay are other outcrops of the conglomerate, the matrix at this place being a green schist. Small peb- 
bles are not common here, most of those seen being over six inches in diameter: sometimes they reach a size of 
three feet in greatest diameter. These boulders are largely of one rock a rather tine-grained greenish to 
pinkish biotite granite. They are well rounded and lie with their Jong axes parallel with the strike, which 1s 
here plainly coincident with the schistose cleavage. 

Other exposures of conglomerate occur to the east of Jackfish bay on the south shore in the N. 15 of sec. 
31 and the S. !, of sec. 30, T. 71 22. Here the matrix is a green hornblende schist, more or less siliceous. The 
pebbles are mostly of about the same nature as the matrix and are distinguishable only on weathered surfaces. 
They have been elongated in a direction parallel with the cleavage, and on this account and also because they 
so closely resemble the matrix it is hard to tell whether they oriyinally possessed rounded outlines or not. 
However, a few boulders oceur at this place, which are of rock similar to the granitic boulders in the exposures 
on Jackfish bay, and they are distinctly and smoothly rounded. 

On the south shore of Dryweed island in sec. 25, T. 71-22. the rock of the island, whieh is a sericitie schist, 
becomes conglomeratic with granitic boulders similar to those just mentioned. 

Another belt of conglomerate is seen along the north side of Grassy and Shoal lakes. The specimens we 
have of this show the matrix to be a rough green hornblendic schist, sometimes quite rich in large and small 
grains of quartz. The pebbles are of greenstone, black and red jasper, quartz and felsyte, many of them being 
well rounded. Just northwest of Shoal lake this conglomerate is found resting directly upon the granite mass 
of Bad Vermilion lake. The exact contact line is exposed for some distance, and small patches of the conglom- 
erate, Which are easily dislodged, are found lying directly on the surface of the granite. Although a casual examin- 
ation failed to find any pebbles in the conglomerate that could be certainly referred to the underlying granite, still 
the relations of the two rocks at this place seem to indicate that the conglomerate is unconformable on the granite. 

Another typical rock of the Keewatin series is seen in the S. 14 of sec. 29, T. 71-22. The conglomerate to 
the west of this gradually loses its greenish character and becomes lighter colored and silicious on going east- 
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ward; at the same time the boulders become less numerous and finally disappear altogether, and we have a rock 
that is fine-grained, hard, tough, siliceous, and silvery gray incolor. This rock forms bare, rounded knobs in sec. 
29, and is quite massive in appearance. It continues eastward to form Grindstone and Dryweed islands, but on 
these islands, especially the latter, it becomes softer and more’schistose, forming a siliceous sericitie schist. It 
also in places shows evidences of bedding which is parallel with the schistose structure, and, as mentioned above, 
it becomes conglomerate on the south shore of Dryweed island in sec. 25, T, 71-22. 

Just to the south of this belt of siliceous sericitic schist lies a belt of greenish schists, which are of interest 
for the reason that in them are found the veins that have been most exploited for gold. This belt of rock comes 
to the shore in the N. E. 14 of N. W. 14 of sec. 32, T.71 22, and continues eastward forming the islands in the 
N. 15 of N. W. 14 of sec. 33, the most easterly of these islands being the one on which the Little American mine 
is lovated. The south shore of the lake eastward from Rainy Lake City to the line Between Itasca and St. Louis 
counties is skirted by this belt of rovk, and the islands in the S. EK. 1, of sec. 27, the S. E. 14 of sec. 26, the S. 15 of 
sec. 30, T. 71-22, and some small reefs near the centre of sec. 30, T. 71 21, are composed of the same. This belt 
of schists varies somewhat in lithology, being composed of sericitic, ehloritic and hornblendic schists, which are 
quite fine-grained and usually quite siliceous. The smaller and more eastern of the islands in the S. E. 14 of 
sec. 26 has a small amount of more acid and lighter colored rock than is usual in this belt. This rock consists 
of scattered quartz grains imbedded in a siliceous and schistose matrix; it perhaps represents an ancient quartz 
porphyry. 

Further mention and description of parts of the Keewatin will be found in the section entitled “Descrip- 
tion of veins in general and of individual properties.” | 

The diabase dikes. These are not very numerous in the area here reported on, and the total amount of 
such rock is very insignificant When compared with the rocks of the three series already described. The dike 
rock is dark, tough and heavy; it varies much in grain in the larger dikes, according to the distance from the dike 
walls, the interior being coarser than the exterior. The rock is usually an ordinary diabase, with the ophitic struc- 
ture, and iscomposed essentially of augite and plavioclase feldspar. Several dikes were seen in the svenyte a short 
distance below Koochiching falls, and a larger one occurs in the same rock in the N. W. ly of sec.35,T. 71-24. The 
largest dikes seen are those near the mouth of Jacktish bay: while these two are not strictly parallel, they both 
have a general northwest-southeast direction. The more eastern of these cuts through rocks which belong to 
the three rock systems of the region. The exact age of these dikes is not known. They are, however, later than 
all the other rocks of the region which they cut, and they have not been subjected to the same forces which pro- 
duced so pronounced cleavages in the older rocks. During the Keweenawan time there were great numbers of 
basic eruptions and injections in the Lake Superior basin, and the dikes of the Rainy Lake region may perhaps 
date from the same time. 

Glacial deposits. As has already been stated, the rocks around Rainy lake are usually not covered by 
glacial drift or later deposits. In some places, however, there are small areas where there are thin sheets of 
till concealing the bed rock, and glacial boulders are common throughout the whole region. The general direc- 
tion of glacial movement across the Rainy Lake basin, as shown by scratches on the rocks, was from northeast 
to southwest. Below are given a few heretofore unpublished courses of glacial striae in the Rainy lake region 
referred to magnetic north. * 


Centre of west side of S. E. 14 sec. 19, T. 70 18, south shore of Rainy lake, — - - south 30 35° W. 
N. EB. ly, N. W. 14 sec. 30, T. 71-23, south shore of Rainy take, - - - south 30° W. 
West line of sec. 29, T. 71-23, south shore of Rainy lake, - - - - south 40° W. 
S. W. 1), S. W. 4, sec. 29, T71-22, south shore of Rainy lake, : - - south 45° W. 
N. W. 14,8. E. 14 sec. 28, T. 71 -22, east end of Grindstone island, Rainy lake, - south 33° W. 
N. W. 14, N. W. ly sec. 30, T. 71-21, small island at east end of Dryweed island, Rainy 

lake, - 4 : - : - - - - - - south 42° W. 


The level area devoid of rock which begins at the west end or the outlet of Rainy lake is underlain by a 
considerable thickness of glacial deposits. ‘These deposits consist of clays, which are often calcareous and 
sandy, and are quite frequently bluish in color. Scattered throughout these clays are small pebbles of various 
kinds of rocks, the most common of which is a fine-grained yellowish or pinkish limestone; sometimes fragments 
of this limestone are found which contain a few fossil remains. These clays are thought to have been deposited 
from melting ice and from streams flowing into the glacial lake Agassiz. ‘This lake covered the Red river valley, 
the Lake of the Woods and Rainy Lake areas, and a large amount of territory to the west and northwest at the 
close of the glacial period; the history and deposits of this great glacial lake have been carefully investigated 
by Mr. Warren Upham.t The thickness of the clay deposits along that part of the Rainy river, shown on the 
geological map, probably does not much exceed forty feet; in general in this area the hight of the river banks 
above its bed is a direct measure of the thickness of the clays. 

There are no post-glacial formations in the region except the usual soil, vegetable accumulations in 
swalips, and a few sand beaches, mostly derived from the clays by the washing and sorting action of the lake's 
Waves. 


*Other lists of glacial striw in this region have been published by A.C. LAWSON (Geol, Survey Canada, vol. iii, pp. 104F- 
1H69F, 1889); H. Vi WINCHELL (Minn. Geol, Surceey, Seventeenth Annual Report, 188%); WARREN UPHAM (Minn. Geol, Nareey, 
Twenty-second Annual Report, pp. 35-40. 1894). 

tGreol. and Nat. Hist, Survey of Minnesota, Eleventh (1882) Annual Report, pp. 137-158, 884. 7bid., Final Report, vol. ii, pp. 
O1T-527, 1888. OS. Geol. Surrey, Bulletin 39, [887.0 Geol, Surrey of Canada, Annual Report, new serics, vol. iv, pp. LE-15GE, 1890. 
Also in a monograph of the U. 8S. Geol. Survey entitled “The Glacial Lake Agassiz.” 
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Auriferous gravels forming placers are not known about Rainy lake. Some search for placers has been 
made, but there seems to be no probability that any will be found. : 

Auriferous gravels may have existed in some of the old water courses just before the Glacial period, but 
if they did thus exist, which is improbable, they were entirely removed by glacial agencies. Since that time 
there has been no erosion violent enough to produce any gravel deposits. To be sure, gravels can be found in some of 
the depressions, but these are of glacial origin, and consequently are not necessarily derived from the auriferous 
rocks near at hand, but may have been and probably were transported many miles; moreover, in the glacial 
gravels there has been no assorting of the various constituents and concentration of the heavier portions, and so 
the gold, if it does exist in the gravels, is scattered through them indiscriminately and in such minute quantities 
as to preclude the possibility of protitable working. 

Sketch of the geological history. The oldest sedimentary rocks of which we have knowledge in the Rainy 
Lake region are the mica schists of the Coutchiching, but what composed the surface upon which these rocks 
were deposited is now unknown. An immense thickness of nearly uniform deposits was built up during Coutchi- 
ching time, and at the end of this period of deposition there was possibly a period of cessation of deposition 
accompanied by elevation of the land above the sea level and by erosion. But whatever the events at the close 
of the Coutchiching, we know that at the beginning of the Keewatin time there was a change from the deposition 
of uniform rather acid rocks to deposits of the most varied nature, in which basic voleanic material played an 
important part. The Keewatin was a period of rapid deposition and widespread volcanic activity. After the 
end of Keewatin deposition there was a period of elevation and intense folding, crumpling and shearing of the 
then existing strata, accompanied by the intrusion of enormous masses of granitic rock. The rocks were much 
altered or metamorphosed at this time by the dynamic forces to which they were subjected and also by the close 
proximity of large masses of intrusive rock; thus the strata underwent regional metamorphism, more or less 
pronounced throughout the district, and contact metamorphism where intruded by the granitic masses. We 
know that the folding and alteration took place in post-Keewatin time, and, from the relations of similar rocks 
to the Animikie southeast of Rainy lake, we suppose that it occurred in pre-Animikie time. This period of 
folding and alteration probably left the strata in approximately the same position and crystalline condition as 
we now find them. The accompanying cut (figure 19) will show the general relations of the rocks of the Rainy 
Lake region after this period and after the erosion to which they have been subjected up to the present time.* 
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FIG. 19.5 GENERALIZED SECTION NORTH AND SOUTH THROUGH THE RAINY LAKE REGION. 
[According to A. C. Lawson.] 


Some time after the events just spoken of, possibly in Keweenawan time, the rocks of the region were cut 
by the diabase dikes. 

From the end of the Keewatin time to the present we have no proof that the land has ever been below sea 
level nor that it has ever been covered by post-Archean deposits, excepting, of course, the deposits of the Glacial 
epoch. It is possible that the Cretaceous ocean may have extended over this region, as strata of that age are 
found in northern Minnesota along the Big and Little Fork rivers and on the Mesabi iron range.f If such 
strata ever did exist in the Rainy Lake district, all traces of them have been removed by erosion. 

From Keewatin time to the present, through all the immense period during which in other places were 
deposited the rocks of the Taconic, Cambrian, Silurian, Devonian, and other series up to the present period, or 
at least during a considerable portion of this time (for strata may have been deposited here during some of these 
periods and afterwards removed), we must assume that this region was above the sea level and was thus sub- 
jected to erosion. After the folding the surface was probably mountainous, and the amount of rock removed 
must have been enormously great; the number of hundreds of feet that the surface has thus been lowered can- 
not be estimated. The effect of this long-continued erosion was to gradually reduce the surface of the land to 
a lower level, and finally, when sufficient time had elapsed, an approximately flat surface not far above sea level 
would result. The probability of the production of such a flat or base-leveled area in Minnesota and Manitoba 


*It is quite probable that on future studs, after carefully plotting the dips and strikes, the folding of this region will be 
found to be much more complex than this generalized cut indicates. For instance, what is represented as a single syncline in the 
Keewatin may really consist of several closely compressed synclines and anti-clines. But as yet data are not at hand to show the 
existence of these numerous smaller folds. 

+H. V. WINCHELL. Geol. and Nat, Hist, Survey of Minn., Seventeenth (1887) Annual Report, 1888. .4 mer, (Geol., vol. xii, 
pp. 220-223, Oct., 1888. 

J.E. Spurr. Geol. and Nat. Hist, Survey of Minn., Bulletin 10, pls. 10 and 11, 1804. 
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during Tertiary and early Quarternary times has been shown by Mr. Warren Upham,* and this cause will very 
conveniently explain the generally flat and plateau-like character of the Rainy Lake region. Since the produc- 
tion of this base level the hard Archean rocks have not been deeply eroded, and the surface consequently still 
retains approximately this base-leveled topography. 

Glacial agencies have, since the base-leveling, removed any decayed rock or other material that may have 
remained on the rocky surface, and have produced the gently rounded: and hummocky surface now existing. 
Since glacial time the Archean area has suffered practically no erosion, the lakes and streams following the 
depressions and irregularities which remained at the departure of the ice-sheet. The clayey plain to the west 
of Rainy lake also shows evidences of having been subjected to erosion for but a short period, and even during this 
time the erosion has not been extensive or violent. The surface is still monotonously flat except for the narrow, 
steep-sided, shallow trenches cut into it by the Rainy river and its tributaries; and only the largest of these 
streams have cut entirely through the blanket of clays down to the underlying rock, while none of them have 
excavated channels in the rock itself. This clay plain thus presents the peculiarities which are characteristic of 
a topographically young surface. 


DESCRIPTION OF VEINS IN GENERAL AND OF INDIVIDUAL 
PROPERTIES IN MINNESOTA. 


At the time this examination was conducted but little more than a year had elapsed since the first shot 
was fired in a gold quartz vein on Rainy lake. Remote from railroads, with not even a wagon road at that time 
to connect it with the rest of Minnesota, this region must of necessity have a slower development than other 
new districts of equal natural resources but greater accessibility. Reached by a hundred or more miles of 
canoeing, Rainy lake had, prior to 1894, been seen, aside from those who traveled the ‘“‘ Dawson Route” in the 
“seventies,” only by a few trappers, pine estimators, explorers and natives. The few farmers and traders who 
remained on Rainy river after this route across the country from Fort William to Fort Garry was abandoned— 
owing to the construction of the Canadian Pacitic railway—rarely left their farms or trading posts to go to 
Rainy lake; and the few lumbermen engaged in their work around the lake were there only when the rocks 
were covered with snow. So it is little to be wondered at that the quartz veins remained undiscovered and 
undisturbed. Gold is usually found in placers and from them traced to the lodes whose rotting bas produced 
the placers. But here there are no placers, and the veins are not rotted to any depth—-another reason why they 
might easily be overlooked or condemned as barren. But explorers for mineral deposits bave sharp eyes. They 
examine everything that falls beneath their gaze. With pick and pan they pound up and wash every piece of 
rock that has a rusty stain, every fragment of quartz that comes into their hands. To them one species of rock 
is as good as another. In fact they frequently cannot tell the rocks apart or any of their names correctly. But 
an explorer’s unaided eye can often detect at a glance a speck of gold that a mineralogist might pass over with a 
magnifying glass. His scent is keen and his zeal unflagging. Thus it happens that he sometimes stumbles 
upon discoveries in unexpected places. 

The recentness of gold discoveries at Rainy lake, and its remoteness from railroads, have delayed develop- 

ment. It can hardly be said that there are any mines as yet in the entire district. The depth of the deepest 
shaft did not exceed forty-five feet at the time of examining it, and there are no underground levels. But one 
five-stamp mill is thus far set up in the region that of the Little American company, and not more than 500 
tons of ore have been milled. The result of operations here, however, has been sufficiently encouraging to induce 
several other companies to order mills, and it is expected that there will be half a dozen mills in operation before 
the end of 1895. 
: Throughout the region quartz veins are common and even abundant, but most of them are small and insig- 
nificant and contain no minerals of economic importance. These small veins, known as gash veins, cut the rocks 
in various directions as narrow ribbons which gradually taper to a point and disappear; they are thus of limited 
length and are at most only a few inches wide, the majority being less than one inch across. They are found in 
all the rock series of the region and are especially noticeable in some of the gneisses and granites. These small 
gash veins are not known to be of any value, and exploitation of them is useless. 

The prospecting fer gold is now being conducted in three different classes of deposits, if we include those 
of the Canadian side as well as those in Minnesota. These three classes are (1) Segregated veins, (2) Fissure veins, 
(3) Fahlbands; the first two being properly called veins, the last being rather belts of the country rock charged 
with an unusual amount of metalliferous material. 


I. SEGREGATED VEINS. 


The veins on the south side of Rainy lake, and hence all those in that portion of the gold district which 
lies in this state, are of the variety known as “segregated veins.” They are conformable with the bedding or 
foliation of the schists, but their gangue, being chiefly quartz, differs entirely in mineralogical composition from 
the enclosing rocks. This class of veins may extend with unbroken continuity for a considerable distance 
through the country rock, or may form lens-shaped bodies of limited extent, occupying a more or less distinctly 
defined belt of country. They vary in thickness from an inch to five or more feet, and may extend continuously 
for fifty or a hundred feet, or may pinch out in a shorter distance. When one of these quartz lenses is found, 
usually others exist close by in the direction of the strike; and, moreover, two or three of these lenses may be 


* Amer. Geol., vol. xiv, pp. 235-246, Oct., 1894. 
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found side by side, or overlapping each other, being separated by only a few inches of the country rock. Thus 
there commonly exists a belt of rock, from one to ten or even more feet in width, in which quartz lenses are 
common: and in this belt the rock around the lenses is more or less completely impregnated with quartz. To 
this belt of quartzose rock, including the quartz lenses, the miners and explorers loosely apply the term vein. 
The “vein” may thus be several feet in width, but it is not composed wholly of vein material; in fact, itis seldom 
more than half quartz, and usually the quartz makes no more than one-fourth of the total. The accompanying 
figure represents the surface exposure of one of these veins; it also represents fully as well a vertical cross 
section of the vein. The areas of undulatory lines indicate the country rock, and the darker areas the quartz 
lenses, while the dotted area represents the belt of country rock which is more or less impregnated with quartz. 
The last two parts form the vein, using this term in its larger sense. 


FIG. ®. GENERALIZED SURFACE SECTION OF ONE OF THE SEGREGATED VEINS. 


The minerals occurring in the veins are not many. The lenses are composed of pure white, coarsely crys- 
tallized quartz: sometimes no other mineral is present. Usually, however, and always in the gold-bearing veins, 
there is some pyrite and a dark chloritic material which can generally be referred to fragments of the country 
rock. Pyrite is also frequently disseminated through the quartz-impregnated rock which surrounds the lenses. 
The gold occurs associated with the pyrite, but sometimes small flakes can be seen in the white quartz appar- 
ently entirely separated from the pyrite. Where the veins have weathered or decayed, particles of gold, the size 
of a pin’s head, or oceasionally much larger, can be found on the surface of the vein in cavities left by the decay 
of the pyrite. Most commonly no gold is visible to the unaided eye. The gold is confined principally to the 
quartz lenses, but also occurs in small amounts in the quartzose rock around the lenses. 

These veins vary considerably in width and in the amount of quartz lensesin them. A vein that is ten 
feet wide and half to two-thirds quartz in one spot may vary in the distance of a few rods to half that width, 
and may contain not more than a fifth part quartz; or on account of the absence of the quartz lenses it may be 
almost unrecognizable. Further on it may widen out and contain a large number of the lenses. Variation in 
the amount of gold seems to be as common and as pronounced as variation in width, or number of quartz lenses. 

On account of the water covered areas and those covered by swamps or soil, no vein has been traced any 
great distance, but in all probability they will frequently be found to extend more or less brokenly for several 
niles. The vein of the Little American mine appears again on the island just to the west of the one on which 
this mine is situated; while to the east and in the direction of the strike apparently the same vein appears at 
several places: On the south shore of Rainy lake in the S. W. 14 of S. W. 1, sec. 26, T. 71 22; in the S. E. 1, of 
S. E. 1, of the same section; and also on the island in the S. W. 14 of S. W. 14 sec. 25. Thus when a vein is 
known at one point it can confidently be searched for again in other exposures along the strike, but nothing can 
be safely predicted as to its size and richness at other points. These facts can be determined only by exploi- 
tation and assays, but a vein which has a considerable width and richness at one point will more probably have 
the same characters at other points. In making these statements concerning the extent of certain veins over 
considerable distances, reference is had only to the larger and more pronounced ones, 7. e., those which are 
several feet in width, and which have a number of quartz lenses lying side by side or nearly so. Single lenses of 
quartz are not uncommonly found, but these are of only small size, and others cannot always be found by 
following along the strike of the first. ; 

As has been already stated, these veins run parallel to the strike of the cleavage of the country rock. They 
are thus narrow beds now standing in a nearly vertical position and extending indefinite distances. They occur 
in the rocks of both the Keewatin and Coutchiching. The veins found in the Coutchiching rocks are almost 
entirely of pure quartz, containing very little other mineral matter. They are very poor, or entirely lacking’ in 
gold. None of the veins in this series of rocks have as yet proved of value. The veins in the Keewatin rocks 
are richer, and are the only ones in which paying amounts of gold have been found on the Minnesota side of the 
lake. The best veins occur in the greenish schists of the Keewatin. As far as known the most promising belt 
of this rock is that which comes to the shore at the head of the bay in the N. '4 of sec. 32, T. 71-22, and extends 
eastward from there, including the Little American island, and those just to the west of it, a narrow strip along 
the south shore of the lake eastward from Rainy Lake City to the west line of St. Louis county, and the small 
islands just to the north of this shore. Another belt of this rock just touches the north side of Dryweed island, 
and in it is the Lyle mine, near the centre of the S. E. 14 of sec. 23, T. 71-22. 

A consideration of the manner in which these veins were probably formed may throw some light on their 
exact nature. The cleavage planes of the country rock, parallel to which lie the veins, while trending on the 
whole in one general direction, still vary to a certain extent in their directions in distancesof a few inches or feet, 
i. ¢., they are undulating. An attempt was made to indicate this fact in the cut (figure 20, above) repre- 
senting a section of one of these veins; here the undulating lines represent the cleavage planes of the rock. This 
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cleavage is seen to be undulating or wave-like in form, in a vertical as well as in a horizontal section. The sur- 
face of one layer of the rock may be very roughly likened to the surface. of a lake with a “choppy” sea; Just 
fitting into this surface is another complementary one of the rock layer next adjacent. Along the veins there 
has been some slipping (or faulting) of the different layers on each other; that this is the case is indicated by 
the sheared and crushed condition of the rock and by the frequent slickensided surfaces. When this faulting 
occurred, especially where there was no great pressure normal to the fault plane, there would be formed certain 
irregularly lens-shaped cavities, where the surface of one layer did not fit the surface of the next adjacent one. 
These lens-shaped cavities are now represented by the lenses of quartz. This faulting would not be confined 
to slipping between two layers alone, but would occur between several adjacent layers, so that the faulted area 
is not strictly a plane, but a bed of several inches or feet in thickness. How great this faulting has been we do 
not know, but that the area of weakness, in which were crushed rock and cavities, extends to a considerable 
depth seems quite certain. In this area of weakness, solutions would easily travel, and mineral matter would be 
deposited from them: thus would occur the impregnation of the crushed rock and the filling of the cavities, 
Under this view of the origin and nature of these veins it is seen that they lie along lines of faulting, and that 
they could thus receive solutions emanating from great depths; thus these veins are in many features closely 
analogous to true fissure veins. 

General considerations bearing upon the question of the source of the metalliferous constituents of these 
veins have already been given. In this connection, however, the views of Dr. A. C. Lawson upon this subject 
are pertinent and interesting, coming from one who has carefully studied the region under consideration. He 
says:* 

“The distribution of veins and metalliferous deposits in the Archean has further an interesting bearing 
upon the question of the history of these rocks. The Laurentian rocks of the region are remarkably barren of 
metalliferous deposits. The upper Archean, particularly the Keewatin series which is largely composed of vol- 
canic rocks, is rich in such deposits as native gold (with a little associated silver), iron ores, copper pyrites, iron 
pyrites, mispickel, galena and zinc blende. These minerals are abundant in the Keewatin series, though, of 
course, only occasionally found sufficiently concentrated to be of economic value. 

“There can be but little doubt that their occurrence in these rocks is intimately associated with the vol- 
canic rocks, although the period of their formation is not necessarily that of the formation of the volcanic rocks 
themselves. Now, unless we regard the floor upon which the upper Archean was deposited to have been the 
original crust of the earth, for which supposition we have no good evidence, we must assume that it was made 
up of ordinary strata, either volcanic or sedimentary, or composed of both. As such it is probable that it was 
traversed by veins; and that in the volcanic portions, if not elsewhere, these veins were metalliferous. 

“But in the Laurentian we do not find anything like the number of veins that are found in the Upper 
Archean, and those that are occasionally observed are not metalliferous. The simplest explanation of this 
marked difference between the Upper and Lower Archean, as regards veins and metalliferous deposits, appears 
to the writer to be precisely that which gives a satisfactory account of all the other features of the region, viz.: 
that the Laurentian rocks have passed through a state of fusion, while the superincumbent Upper Archean 
remained unfused. This fusion would cause the dissemination throughout the magma of whatever metaliiferous 
deposits had been segregated in veins, so that they could not be detected by ordinary means, The veins which 
cut the Upper Archean are probably, as before suggested, due to aqueous emanations from the Lower Archean 
magia, the metals in the veins being probably derived from the voleanic rocks traversed by these emanations, 
so that the very causes which obliterated veins and metalliferdus deposits in the lower portion of the Archean 
may be said to have given rise to those in the Upper Archean.” 

Little American mine. This vein, the first to be discovered and developed, belongs to the class of segre- 
gated veins. Situated on a small island in the N. W. 14 of sec. 33, T. 71-22, one hundred miles from any railroad, 

‘and developed in the face of all the obstacles to be met with in a new district, it has served to attract attention 
to this undeveloped portion of our state, and, whether it proves to be the most profitable mine in the region or 
not, it will in this way always be remembered as the most useful. 

Geo. W. Davis discovered the vein while prospecting alone about the last of July, 1893. Reaching the island 
one evening albout dark he had no opportunity to examine the quartz which he saw until the following morning 
when he “panned” it and obtained gold. Mr. Davis remained on the island and in the vicinity for nearly a month, 
and then went only as far away as Fort Frances to renew his store of provisions. On his return, about the last 
of August, he brought back with him a man named Quirk and a blacksmith from the “ Fort,’ and together they 
fired the first blast on the 29th day of August, 1893. Subsequently going to Duluth with samples of his ore and 
telling of his discovery, a company called the Bevier Mining and Milling company was organized in January, 
1894, with A. S. Chase, “ Hutch” Bevier and “Jeff” Hildreth as incorporators. Having some trouble to secure 
title to the land it was purchased from the government by using the right of selection or “scrip” of the St. Paul, 
Minneapolis & Manitoba railway. Active operations were at once begun under the direction of Mr. Hildreth, 
and a five-stamp mill (see plate O, figure 1) was set up on the mainland at Rainy Lake City, about one mile from 
the island, where the shaft was sunk. This mill began stamping on July 16, 1891, and continued with some 
interruption until September 24 of the same year, when, having used all the ore in stock and finding the cost of the 
operation too great, it was shut down. Shortly afterwards the operation of the mine and mill passed into other 
hands and plans were laid for work on a more systematic basis. A casual inspection of the mine will reveal a 
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woeful lack of business ability in the arrangement and execution of the operations of mining and milling. The 
expenses must have been at least double what they should have been, even with so many difficulties to overcome. 
The hole in the ground, called by courtesy a shaft, was about 10x 40x44 feet, and was as ragged a cavern as 
can be found in the state. With no timbering, no pumps, nothing but a hand windlass for hoisting ore, rock and 
water, and the mill a mile away, it is a good example of the folly of robbing a mine in order to provide ore for 
present purposes without proper development for future mining. Every item of expense must necessarily have 
been abnormally large by such poor manayement as is here displayed. 

As to the operation of the mill the following quotation from a letter received from Mr. A. S. Chase, one of 
the directors of the Bevier Mining company, contains considerable reliable information: 

“From the best information I have the mill ran in all fifty-two days. The nearest estimate as to quantity 
of ore crushed is 50U tons. We have no record of each clean-up, but the actual shipments of bullion were: 
August 10, 8362.30; August 20, 81,058.85; September 18, 82,481.76; October 18, 8732.42; total, $4,635.33. The cost, 
as near as we can tell, was about 87.00 per ton for mining and milling. With proper management it can doubt- 
less be mined and milled for 83.00 per ton. We have but tive stamps, and of course the cost of milling would 
necessarily be large, but there are other reasons for the great cost of producing this bullion, which can be easily 
overcome. The mill produced al} the way from eight to twenty-seven ounces of bullion per day, showing very clearly 
that quantities of rock were crushed which, with proper sorting, would not have been used, especially with 
this little mil. It is certain that there was no attempt at deception, and I am fully convinced that gold in largely 
paying quantities exists in the Rainy lake region.” 

The vein is about ten feet in width and dips south about 80°. Its strike is north 80° east, and it is believed 
to run across the next island west of the Little American. The ore is gray quartz with streaks and masses of 
the schist which constitutes the country rock enclosed in it. It contains a rather small amount of pyrites and 
some Visible gold. Less than tive per cent., and perhaps less than three per cent., of the ore goes into the con- 
centrates, which have an assay value of about $12.50 per ton. Samples of the ore taken from the vein at the 
depth of ten feet, and from the top of the stock pile where the ore from the bottom of the pit was supposed to 
lie, assayed $11.51 (811.39 gold and 30.12 silver) and 33.37 (33.31 gold and 80.06 silver), respectively. 

Big American mine. This is the homestead of George Davis, the discoverer of gold at Rainy lake. The 
property constitutes the southwest corner of Dryweed island. <A pit tive feet square and five feet deep has been 
duy in the usual siliceous sericitic schist of the island. In the pit are three quartz lenses, none of them more 
than a foot in width. The rock at the pit is more schistose and greener in color than the adjoining rock. The 
strike is north 70° east (mag.), and the dip is 90°. Exposures near by show other quartz lenses along the strike 
afew yards from the pit, but not enough work has been done here toshow the width and probable extent of the vein. 

Other prospects. In the vicinity of Rainy Lake City are several places where some work has been done, 
but the veins are small or the exploitation has not gone far enough to show clearly their extent and value. 
Some of these prospects will be mentioned below. 

On the eastern end of the island in the 8S. W. 14S. W. 14 sec. 25, T. 71-22, a shaft has been sunk. It was 
reported to be down to a depth of twenty-eight feet, but in October the work had been abandoned and the shaft 
was partially filled with water; a short drift has been run out towards the south. The vein here, 7. e., the belt of 
siliceous rock in which the quartz lenses occur, is about three feet wide as exposed at the surface. 

The blunt point of land in the S. W. 14.8. W. 14 sec. 26, T. 71-22, is crossed by another vein, which has 
been uncovered at several places. In some places there is a width of nearly six feet of almost pure white quartz. 
This vein is probably a continuation of the one just mentioned on the island. 

In the 8. E. 1, S. E. 14 sec. 23, T. 71-22, is a small island on which is what is known as the “Old Soldier 
Mine.” The island is made of mica schist in which are small veins of quartz and some beds or dikes of gneiss or 
foliated granite. This granitic rock varies in color, being light or dark according to the amount of biotite or 
hornblende it contains, A considerable amount of pyrite is disseminated through this rock. 

The large island in the N. W. 44 of sec. 26, T. 71-23, known as Kingston island, has a few small veins run- 
ning across it. Some work is now being done upon these, but at the time of our visit it had not progressed far. 

The vein of the Little American mine is seen again on the island nearest west of the Little American 
island, and the company have commenced operations here and are uncovering the vein and have started a drift 
alongside of it. 

It was formerly supposed that segregated veins are not so persistent as fissure veins, and that they are not 
so likely to be productive in depth. This view does not appear to have a basis in fact, however, since “recent 
mining operations have materially modified the received views respecting the value and persistency of the so- 
called segregated veins. Many of them are of great thickness and extent, and, after having been worked to 
very considerable depths, have been there found as productive as they were nearer the surface. The character 
of the veinstone of such deposits frequently appears to in no way vary from that of true fissure veins, from which 
they often differ in no respect except that their course is often parallel to that of the strata between which they 
lie.” (Phillips, Ore Deposits, p. 91). 

II, FISSURE VEINS. 

True or fissure veins have already been briefly described, and the prevalent theory of their origin out- 
lined. Their distinguishing feature is their entire independence of the strike or foliation of the enclosing rocks. 
Indeed, because of the wavy line of strike of the crystalline and semi-crystalline rocks, a fissure vein almost 
always cuts across the strike in some portion of its course. The walls of fissure veins have usually a more 
direct and even course than those of other veins, and are smovuthed or “ slickensided” in a similar manner. 
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The veins in the vicinity of Rainy lake which present the characteristics of fissure veins are those in the 
vicinity of Shoal and Bad Vermilion lakes, east of Seine bay, at the east end of Rainy lake. Occurring for the 
most part in a granitic rock, they strike north and south or northwest and southeast, almost at right angles 
with the series of segregated veins. The quartz is somewhat different in appearance, perhaps due largely to 
the fact that it is richly charged with the sulphides of iron, copper, lead, zinc and silver, and near the surface 
with the oxydized alteration products of these minerals. The fissure veins exploited when this examination 


was made are in Canadian territory. 
II. FAHLBANDS. 


Fahlbands are belts of rock, often of considerable width and extent, impregnated with sulphides of iron, 
copper and zinc, and sometimes, also, of lead, cobalt and silver. There are usually several of these belts having 
a considerable degree of parallelism with one another, and sometimes traceable upon their line of strike for 
several miles. The amount of ore contained in such belts may be quite considerable, but it is only in a few 
localities found to be sufficiently concentrated to render its exploitation profitable. Fahibands are usually 
found in regions of gneiss, mica and hornblende schists, tale schist, or chlorite schist. Veins of quartz may be 
present in these fahlbands, running parallel with or intersecting them at various angles, but they are sometimes ° 
wanting entirely. There is usually a gradual transition from the metalliferous rock of the fahlband into the 
barren rock on either side, with which the fahlbands are usually conformable. When intersected by dikes of 
eruptive rock or veins of quartz, there is frequently a considerable degree of enrichment at the planes of inter- 
section. There are several points around Rainy lake where prospecting is in operation in fahlbands. Some of 
these are not worthy of mention. The best example of this class of deposit is the Lyle mine. 

Lyle mine. This is situated on a narrow point which runs out from the north side of Dryweed island near 
the centre of the S. E. }4 of sec. 23, T. 71-22, two and one-half miles northeast of Rainy Lake City. This prop- 
erty was located in the winter of 1893-94 by William and Edwin Ward, of Duluth. Work was begun on the 
shaft, which is eight feet square, on September 8, 1894, and, at the time of our visit, a month later, it had 
reached a depth of twenty-two fect. The shaft is down in a peculiar kind of siliceous rock which consists of 
narrow bands of (1) Finely divided quartz, (2) A dark greenish material, perhaps largely chlorite, and (3) Bands of 
l and 2combined. This rock constitutes a band about twelve feet wide. Throughout it are numerous quartz 
stringers or lenses of all sizes from those a fraction of an inch in thickness to one which, where exposed, is two 
and a half feet across. The quartz lenses and the belt of rock in which they occur contain a considerable amount 
of pyrite, more than is common in the veins about Rainy Lake City. Masses of coarsely crystallized siderite are 
found in some of the quartz lenses. This belt of siliceous rock, including the lenses, is probably two-thirds or 
more quartz, and it will be necessary to mine and stamp the whole rock as ore, as it is impracticable to separate 
the quartz lenses. Moreover, the siliceous rock, as stated above, contains considerable pyrite, and possibly 
some gold. 

The country rock at this place is composed of chloritic and sericitic schists and a green schist in which 
are many small spots of siderite. The strike is N. 75° E. (mag.) and the dip 75° to 80° north of this line. 
Just to the south of the little point on which the shaft is situated, on the main land of Dryweed island, the rock 
is the usual sericitic schist which has been mentioned before (page 201) as forming Grindstone and Dryweed 
islands. Here a few quartz lenses occur, but they have not yet been uncovered so as to show their true size and 
extent. 

The surface of the vein at the shaft is rusted and more or less decayed, but this condition does not extend 
downward more than four to six inches, except along cracks. 


TREATMENT OF RAINY LAKE ORES. 


The development of the Rainy Lake region has not been sufficient to furnish data on which to base a 
statement as to the best method of treatment for its ores. Conservative and business-like methods and prin- 
ciples would lead investors to be absolutely certain that ore existed in quantity suflicient to supply a stamp mill 
for a few years, and that it was of such a character as to be best treated in a particular kind of stamp mill, 
before risking their money in the purchase of one. And in order to gain such information it would be necessary to 
sink shafts numerous enough and deep enough to prove the quantity and quality of the ore. The mere fact that 
four or five stamp mills have been built for use in this region, where there is not as yet a shaft or a drill hole 
seventy-five feet deep, is in itself sufficient proof that the mines are being developed by parties of little or no 
experience in the mining business. There can be only one result of such hasty, ill-advised methods of procedure. 
Some, if not all, of the companies, will soon find themselves financially embarrassed. The money which should 
have been spent in mine development will have been spent for machinery. When the stamp mills are on the 
ground and ready for operation there will be no ore to run them for any length of time, and not enough devel- 
opment in the mines to enable them to produce what the mills require. Thus the mills must be shut down, and 
the public will say it was because there was no gold in the ore. The stockholders will be discouraged, and the 
treasury of the company will be depleted without means of replenishing it. In other cases the free milling ore 
will so rapidly pass into refractory ore, as the depth of the mine increases, that the mill which was built to 
treat the surface oxidized ores is unable to extract the gold from these more refractory ores, and must be dis- 
carded—a dead loss to the company—and a new plant purchased. Ali of these things will exert a damaging 
influence on the reputation of the district as a whole, and should be avoided if possible. In a new district 
double precautions should be taken to insure against mistakes. Two or three shafts each 100 feet deep should 
be sunk and connected with levels on every property before a stamp mill or other plant is purchased. Then, 
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with the mine opened up, and enough ore in stock to run the mill for six months, the mine will have a bona 
tide value. No difficulty will be experienced in raising money to buy the machinery needed. No hesitation will 
be felt as to what process to use. No trouble will be had in keeping the mill supplied with ore. The experi- 
ence of the Lake of the Woods district should not be repeated at Rainy lake, but that is Just what will happen 
if matters proceed as they are begun. Too great stress cannot be laid on this point. The old adage that 
“haste makes waste” is nowhere better exemplitied than in matters of this sort. For the good of the pioneers, 
who deserve to succeed because of their contidence in the new region, and their efforts to develop it, no less than . 
for the good of the district, we would urge upon the owners of prospects to “ goslow ” and develop their properties 
before ordering expensive concentrating and metallurgical plants. 

As already stated, the ore which occurs within fifty feet of the surface of the ground at Rainy lake is free- 
milling, and the proportion of concentrates will not exceed ten per cent. How much this percentage will be 
increased in depth is uncertain, but that there will be an increase is to be expected. With five or ten per cent. 
of the ore going into the concentrates there will be required facilities for treating these refractory sulphides on 
the spot. The expense of transportation to a smelter and the high smelter charges make shipping out of the 
question. Some method of treating the sulphurets cheaply at the mine oron the lake must be introduced. 

In this connection the description of barrel-chlorination by the Thies process as conducted at the Haile 
mine, Lancaster county, South Carolina, is of interest.* Working on a large scale, ore which assays $4.50 per 
ton on an average and contains ten per cent. of concentrates is treated at a profit by this process. The value of 
the roasted concentrates amounts to 830.00 per ton, and the cost of roasting and chlorination is said to be $4.62 
for one and one-third tons raw pyrites. After thoroughly roasting the sulphurets the roasted material is placed 
in lead-lined iron cylinders 60x 42 inches, which rotate on their major axes twenty times per minute. Chlorine 
gas generated in these barrels dissolves the gold in from four to eight hours, and it is then precipitated by fer- 
rous sulphate. With an abundance of cheap fuel and water-power this process might be practicably introduced 
in the Rainy Lake region, and operated in conjunction with stamp mills and amalgamation. 


OTHER RESOURCES. 


This report is devoted primarily to a discussion of the gold-bearing rocks of the Rainy Lake region, but 
it will not be out of place to call attention to other natural resources, as these must play an important part in the 
development of any mining district. Moreover, the presence in the vicinity of Rainy lake of an abundance of 
natural resources, other than the gold, is destined to aid very materially in the rapidity of settlement and develop- 
ment of the northern parts of Itasca and St. Louis counties. : 

Useful mineral substances. In the large pegmatyte veins or dikes, which occur especially in the mica 
schists along the south shore of the eastern arm of Rainy lake and on the shores of Kabetogama lake, are plates 
of mica (muscovite) two or three inches in diameter. As yet no mica has been found in sufficient quantity or in 
large enough plates to be economically useful, but more careful exploration of these pegmatyte veins may be 
rewarded by the discovery of larger masses of this mineral. 

Other minerals, such as iron pyrites, sphalerite (zinc blende) palena and copper pyrites, occur in the Rainy 
Lake region, especially in the quartz veins, but it is hardly probable that large amounts of any of these will 
be found. 

The Keewatin rocks of this district are of the same geological age and of the same general character as 
the rocks in which are the rich iron deposits of the Vermilion range and some parts of the south shore of lake 
Superior. Deposits of iron ore have already been reported from the Seine River country, but as yet no careful 
exploration for iron ore has been attempted. We wish to call special attention to the probability of the existence 
of large masses of iron ore in the Rainy Lake region, and we feel that exploration in this line is more likely to 
result in the discovery of mineral wealth than exploration for any other mineral except gold. The rocks marked 
Keewatin on the map (plate N) are the ones in which exploration for iron ore should be carried on. 

Many of the granites and syenytes, and some of the other rocks, will make excellent building stones. Good 
material for grindstones, whetstones and hones, and probably also for rooting slates, exist in the Keewatin rocks. 
The numerous limestone fragments found in the clays along the banks of the Rainy river have sometimes been 
burned for lime by the settlers. The clays to the west of Rainy lake contain beds which will evidently make 
good bricks, and some of the beds will probably be found to possess the characteristics necessary for some kinds 
of pottery. 

Coal has been reported a number of times from the banks of the Big Fork and Little Fork rivers, which 
are in Itasca county and southwest of Rainy lake. This coal occurs in the form of lignite in the Cretaceous 
shales, which are known to outcrop in places along these rivers, and it is probable that rocks of this age exist, 
although usually buried under a considerable thickness of glacial drift, in most of Itasca county and the counties 
to the west. On account of the discovery and recent development of lignite beds in the vicinity of Redwood 
Falls, it is thought best to call attention to the possibility of the existence of similar beds in the region to the 
southwest of Rainy lake. This lignite in Minnesota does not seem destined to be of any great value, but possibly 
some of it may prove of local importance. In this connection we quote the statements made in reference to coal 
in Minnesota by the senior author of this report some two years since: : 

“The opinion of the state geologist and the writer has been frequently expressed that the only coal of any 
sort in the northern part of the state is in thin seams of brown coal, occurring in Cretaceous shales, which 
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were found in patches on the Little Fork river by the writer in 1887. This coal is not of good quality, and the 
discovery of large amounts in thick beds would not be of such great importance as the newspapers would have 
us believe. 

“ At the same time, lignite is used toa considerable extent in treeless regions as fuel for ordinary heat- 
ing and cooking purposes. In Texas and Dakota such coal is mined in considerable quantities. Grates of a 
peculiar pattern are devised in which to burn this coal, and it plays quite an important part in the domestic 
economy of those regions. It is used in the form of briquettes in Germany. These briquettes are made by dry- 
ing the brown coal until the water it contains is nearly al) driven off, and then subjecting the mass to a pressure 
of 1,500 to 2,000 atmospheres. The resulting briquette is elliptical in form, about six inches long and one inch 
thick. It is so hard that it will not absorb water, even though laid in water for some time. The coal is too fine- 
grained and not compact enough to use in blast furnace practice. If this brown coal should be found 
dehydrated and consolidated by heat or pressure consequent on eruptions or excessive faulting in the rocks, it 
would have a much greater value. It is not impossible that such deposits may be found in some of the large 
areas northwest of Duluth, as yet but little explored by the geological survey. It is quite desirable that some 
further examination be made of this region in connection with more thorough and careful mapping of the rocks 
of the Mesabi range.’’* 

Timber. The usual white and Norway pines are found throughout this entire region, but not always of 
sufficient size to pay for cutting. Yet, there are many places along the shores of Rainy lake and the adjoining 
bodies of water where there are groves of good sized pines: and many scattered areas of timber exist in the 
vicinity of the Big Fork and Little Fork rivers. Some of the pine has already been cut and taken to Rat Port- 
age, but much remains to be cut as soon as the demand for lumber in this district increases. A saw mill was in 
operation near Rainy Lake City during the last summer, and two or three others on Rainy river. 

In hardwood timber the white birch, which occurs throughout the region, and which often reaches a size 
suitable for lumber, may be mentioned; oak and elm of good size occur in the flat clayey district just to the west 
of Rainy lake. 

The numerous swampy tracts of this part of the state are often covered by a dense growth of excellent 
spruce timber. This is used in large amounts in the manufacture of pulp and paper, and, as the more southern 
regions are being rapidly devastated of their timber, the spruce of northern Minnesota will soon become exceed- 
ingly valuable; growing, as it does, in the lower and damper grounds, it is not so subject to destruction by forest 
tires as the pine. 

Agriculture. The plain of clays which extends westward and southward from Rainy lake is destined to 
support a large farming population. As already mentioned, these clays were deposited in the glacial lake Agassiz, 
and are thus of similar origin to the subsoil of large parts of the Red River valley. Above this subsoil is a con- 
siderable thickness of black loam. This land naturally supports a luxuriant growth of vegetation, and, where 
it has been cleared and cultivated, as in many places along the Canadian shere of the Rainy river, it has been 
found to yield large crops. Most all of the usual produce, excepting yellow dent corn, have been successfully 
grown in this district; and especially large returns have been madc in oats, wheat, potatoes, cabbage, turnips 
and hay. There are large tracts of land south of the Rainy river, which are as yet unsettled and which are unex- 
celled for agricultural purposes by other land inthe state. Asis usual ina new mining country, the farming inter- 
ests are neglected at first, but in the Rainy Lake district there is no reason why this should continue so, as the con- 
ditions for making farming a profitable business are here so favorable. 

The following quotation from Dr. A. C. Lawson’s report on the geology of the Rainy Lake regiont 
is strong testimony as to the adaptability of the soil and climate of the region for the support of a dense popu- 
lation : 

“ Agriculture is perhaps the most promising of the economic prospects of the region. Rainy river, from 
its source at Coutchiching to Hungry Hall, flows for eighty miles through a rich alluvial plain, which, so far as 
can be judged from the banks of the river, is eminently adapted to support a large agricultural population. 
Travelers and explorers vie with one another in praising the beauties of the river and its capabilities for settle- 
ment. Mr. 8. J. Dawson in his ‘Report on the exploration of the country between lake Superior and the Red 
river settlement’ says of it: ‘The distance from Rainy lake to the Lake of the Woods, following the windings of 
the stream, is about eighty miles, and throughout the whole of this extent the land fronting on the river is fit 
for settlement without, I may say, a single break; indeed, I have never seen anything to equal it in my experi- 
ence, except at Swan river and on the Assiniboine. * * * Prof. H. Y. Hind in his account of the country 
examined by the same expedition says: ‘No part of the country through which we have passed from lake 
Superior northwards can bear comparison with the rich banks of the Rainy river thus far. The river has preserved 
a very uniform breadth, varying only from about 200 to 300 yards. The soil is a sandy loam at the surface, much 
mixed with vegetable matter. Occasionally, where the bank has recently fallen away, the clay is seen stratified 
in layers of about two inches in thickness, following in all respects the contour of what seems to be unstratified 
drift clay below. Basswood is not uncommon, and sturdy oaks, whose trunks are from eighteen inches to two 
feet in diameter, are seen in open groves, with luxuriant grasses and climbing plants growing beneath them,’ 

‘‘A more recent authority is Mr. J. O. Bolger, P. L. S., who explored the region in the summer of 1886 for 
the department of crown lands of Ontario, with the special object of ascertaining its fitness for settlement. His 
description and opinions are more valuable than the preceding and are even more optimistic. He says: 


* Geol. and Nat. Hist. Survey of Minn.,Twentieth Ann. Rept., pp. 170, 180, 1888. 
+ Geol. Nat. ITist. Survey Canada, part F, 1887, p. 186 F. 
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‘I tirst encountered good land at the point where the forty-ninth parallel or the first base strikes Lake of the 
Woods, and following up Little Grassy river, which empties into the lake a couple of miles south of this point, 
I found, from traveling in every direction, that the block of four townships composed of Ts. 1 and 2 §., Rs. 23 
and 24 E., contains a large percentage of the finest land I have ever seen, and the same description applies to 
the block of land lying westward between these townships and the Lake of the Woods. Little Grassy river is 
navigable for canoes for a distance of about eight miles from its mouth, and the land on the shore is all good, 
being composed of a rich calcareous drift formation equal to any soil in the best agricultural districts of Ontario. 

“<The timber along the river is chiefly large, thrifty poplar, mixed with some scattering oak and swamp 
elm, and some evergreens, such as balsam and spruce; inland the timber changes in character somewhat from 
that along the river shore, as large balm of Gilead, spruce, balsam, and tamarack are met with more frequently, 
and the nice open bush which prevails along the river banks is changed for a tangled, brushy undergrowth; but 
the character of thesoil remains the same. Tamarack and spruce swamps occur frequently in this section of 
the country, as is the case all through this large level area of good land which lies along the banks of Rainy 
river. These swamps were all perfectly dry this summer, and are all capable of being made into excellent land 
by drainage, as they lie nearly as high as the surrounding dry lands, and only require proper ditching to take 
the surface water off in wet seasons. The extreme levelness of the country causes the presence of so mnch 
swamp land here, as the surface water has no means of escaping from the low-lying portions, and, consequently, 
the growth of moss and swamp timber is engendered. I noticed that in most cases the beds of the little 
streams are deep enough to form outlets for ditches and drains, and these creek beds are usually so numerous 
that to drain any swamp no very long ditches would be required. In nearly all the swamps through which I 
passed I observed the soil to be a black vegetable mould, varying in depth from one to three feet, and always 
underlain by the same calcareous clay alluded to. I seldom met the muskeg proper, that is to say, the wet, 
shaky bog in which water is present at all seasons of the year, and which grows nothing but dwarf spruce and 
moss. I then paddled up Rainy river, and on both shores I found the same kind of country as I have described 
as being in the vicinity of Grassy river, and,as there area good number of settlers along the river on the Canadian 
side, I had an opportunity to observe the soil while under cultivation, and to see the kind of crops it is capable 
of raising. 

“<The soil I found to be most excellent in character,-* calcareous clay overlain by a thin streak of whitish fine 
earth about six inches in thickness, and this again covered with a coating of vegetable mould; and these three 
mixed up together in the working of the land form a soil which cannot be excelled in any part of the Dominion. 
I saw along the river crops of potatoes, turnips, hay, oats, wheat, corn, tomatoes and cabbage, all grown to per- 
fection this season, which shows that the climate, as well as the soil, is suitable to successful farming, especially 
when tomatoes ripen, as they certainly did this year, as well as I ever saw them ripen in the vicinity of lake 
Ontario. * * * | 

“¢The timber is chiefly poplar, which grows to a great size; I have seen trees over eighteen inches across 
the stump, and sixty feet long clear of the limbs. Balm of Gilead, too, prevails in some sections, while spruce, 
tamarack and balsam of thrifty growth are everywhere met with. In some places magnificent cedar abounds, 
large enough for telegraph poles, shingle bolts or any other use to which cedar is applied; there are some groves 
of pine through this section, but it cannot be called a pine country, that is on this drift formation.’ 

“Such testimony as to the character and value of the land through which Rainy river flows, leaves little for 
me to say beyond expressing my entire concurrence in the opinions quoted as to the great suitability of the 
country for settlement and agriculture. Settlers are going in gradually and there are some excellent farms along 
the river front. * * * The river affords an easy means of access, and the levelness of the country renders 
roads easy to build.” 

This agricultural district is not confined to a narrow belt of land along the river, but has, in Minnesota, an 
approximate area of 5,000 square miles, between Rainy lake and the Red River of the North, and south of Rainy 
river. Over this area the annual rainfall varies from thirty-three inches at Rainy lake to seventeen inches at St. 
Vincent. The absence of hills, rock outcrops, and even of boulders, is remarkable, and the land is nearly all tim- 
bered. In short, all the qualifications necessary for a habitable region are found in this hitherto overlooked 
portion of our great state. It will not be surprising to see in the Rainy River valley as dense a population as is 
supported by any equal area in Minnesota. 

Miscellaneous resources. As has already been stated in the description of the physical features of the 
district, there are waterfalls at the outlets of many of the lakes. Some of these streams are of considerable size, 
and their accessible power would be eagerly sought after if located in the well settled eastern states. By far the 
largest water power in the district is that of the Koochiching falls (plate O, figure 2). Here the Rainy river 
descends from twenty-one to twenty-four and a half feet, the amount of fall varying with the stage of the water. 
It has been estimated that there are 12,000 cubic feet of water flowing over this fall every second, and the power 
here generated averages 30,000 horse power, with a probable minimum of 20,000 horse power. This is thus seen 
to be by far the largest water power in the state, much exceeding that at the falls St. Anthony. A dam of from 
five to ten feet at the head of these falls would increase the hight of the falls as many feet, and would also raise 
the level of Rainy lake from two to seven feet, thus furnishing an immense mill-pond with an enormous supply 
of water for use in times of low water in the river. The value of this water power as an aid in the development 
of this part of the state cannot be overestimated. 

Considerable trapping is done in the winter in this section of the country, and the trade in furs has been 
an important business ever since the establishment of the Hudson Bay company, which still has a store at Fort 
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Frances. Many of the inland lakes abound in white fish and lake trout, and the catching and shipping of these 
will furnish livelihood for a considerable population as soon as there are better facilities for transporting the fish 
to market. 

Summary. It is only necessary here to emphasize the fact that in the Rainy Lake district there are many 
natural resources, aside from the gold-bearing veins, which have not yet been developed, and which would make 
the district an important one, even if it contained no gold. We wish especially to call attention to four of these 
natural] resources, which seem destined to make this district develop with rapidity: (1) The excellent farming 
lands; (2) The large bodies of standing timber, suitable for manufacture into lumber and paper; (3) The large 
water-power; and (4) The possibility of the existence of valuable deposits of iron ore. 


CONCLUSION. 


Concisely stated, the facts described in the foregoing pages Jead to the following conclusions: There is 
gold in quartz veins in the vicinity of Rainy lake. As yet the development is insufficient to warrant the positive 
assertion that protitable gold mining operations can be conducted there; but in certain localities the prospects 
are full of encouragement and promise to the conservative operator. 

The best portion of the district for gold, so far as at present developed. and as indicated by the appear- 
ance and nature of the veins, and the geological conditions surrounding them, is not within the limits of our state. 
Some gold is found south of the boundary line, and its discovery was the starting point for the explorations so 
vigorously prosecuted during the past year. ; 

If the development of operations now in progress shall demonstrate the existence of extensive deposits, as 
we believe will be the case, the future of the district for gold mining is assured. It is even now accessible at 
moderate cost ; fuel, water and water-power are abundant, and labor cheap. Modern methods have made the 
cost of exploitation, even of refractory ores, much less than it was only a few years ago. With the large bodies of 
low grade ore which are destined to furnish the greater part of the world’s output of precious metals in the 
future, the costs of mines and mills as advantayveously situated with reference to wood and water as those at 
Rainy lake have been estimated at $2.00 a ton for mining and 83.00 a ton for barrel chlorination or for treatment 
by the cyanide process of ores adapted to it, and from which ninety per cent. of the metal can be saved. Where 
practically all the gold can be extracted by amalgamation, as at present at Rainy lake, there should be a good 
profit on $5.00 ore in permanent veins which have an average width of five feet or more. 

The surprising adaptability of the soil and climate of the Rainy River valley for agriculture, together with 
its stores of timber for lumber and paper manufacture and its large water-power, instill in us the conviction 
that northern Minnesota is an empire by itself, destined in the near future to become the home of a large and 
prosperous community engaged in the occupations of farming and manufacturing. 


CHAPTER IX. 


THE GEOLOGY OF THE SOUTHERN PORTION OF 
ST. LOUIS COUNTY. 


(PLATE 66.)* 
By N. H. WINCHELL. 


General description, This plate includes an area that is very heavily covered 
with drift. and which is very monotonous and nearly flat throughout the western 
and northwestern two-thirds. In the vicmity of lake Superior and the lower reaches 
of the St. Louis river, however, the country is much more interesting and descends 
rapidly to the level of the lake over the brow of the gabbro hills. The descent of 
the St. Louis river from the upland to the lake level is over the Thomson slates 
(plate A), and is mostly within the limits of Carlton county (plate 56); and the 
special geology of the region of Duluth, extending eastward to near New London, 
will be found in the chapter descriptive of plate SS. The same general topographic 
characters extend beyond New London, except that the elevation is less abrupt, 
which is doubtless due to the fact that the trend of the main gabbro mass recedes 
from the lake further toward the east. Between the strike of the gabbro hills, which 
rise 600 to 700 feet above the lake. and the lake shore, the surface is broken, not 
only by reason of the nature of the upper surface of the Cabotian flows, but because 
of the roughness of the drift. This roughness is in part due to the morainic nature 
of the deposit, and in part to the erosion that the streams have effected since the 
drift was deposited. Near the lake these streams run frequently on the rock. 

Geological formations, The Thomson slates are scantily exposed in the area 
of this plate. Yet they have their most eastern and most northern known outcrops 
within this area, viz.: in the valley of Mission creek, near the section line between 
secs. 30 and 31, T. 49-15, and nearly on the town line next south. The most north- 
ern outcrop is N. W. 4 8S. W. § see. 27¢, T. 51-19, near the St. Louis river. Whether 
these outcrops are of some portions of the Animikie or of the upper Keewatin 1s con- 
sidered in the chapter on the Carlton plate (No. 87), to which the reader is referred. 


*JIn the deseription of this plate, besides the field observations of the writer, are included those of Messrs. A. D. Mecds and 
J.E.Spurr. The contours about Duluth are reproduced from the Duluth sheet of the U.S. Geol. Survey. 
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The samples collected at these places are numbered 446, 447, and 2008S, 2018, and 
2028S, the last three having been collected by Mr. Spurr. Similar slates are exposed 
near the mouth of Stony brook, and at points near the railroad further southeast, 
and particularly opposite the mouth of Pine creek, where some vertical slates are 
slightly cut by the grade, but are also overlain by some fine clay of various colors— 
red, hght-green, and yellow. Near the mouth of Stony brook, and especially at an 
island about a mile above its mouth (sec. 18, T. 51-18) these slates are visible. 
Probably they will be discovered at other places in the same region as the country 
becomes occupied by settlers. There are no features connected with the exposures 
mentioned, which need special description. As a whole these slates at this point 
present the facies of the upper Keewatin more evidently than of the Animikie. 

The gabbro and the Bearer Bay diabase. This rock, its origin and age are 
discussed briefly in connection with the Duluth plate (No. 88), and more fully in the 
chapter devoted to the structural geology. The width of the gabbro belt transverse 
to its elongation is not over seven miles, at the southern termination, but 
where it leaves the area of this plate, north-northeastwardly, its width is about 
sixteen miles, and it widens still further in its course through the northern 
part of St. Louis county. It is mostly hid by drift, but its limits are approxi- 
mately determinable by the distribution of its boulders, or by the appearance of 
boulders that pertain to the adjacent formations. For instance, having ascertained 
the general structure of the region, and knowing the direction of movement of the 
glacial abrasion, it is plain that gabbro boulders would not be distributed to the 
north and west of its line of northern and westward limits. To this statement an 
exception should be made for the southern portion of this area, since a westward 
movement of the later glaciers carried gabbro boulders as far west as the western 
side of this area, at least as far as Catlin, on the Duluth and Winnipeg railroad. 
For the same reason, although gabbro boulders may be found to the south of the 
commencement of the Cabotian flows, the debris of the Cabotian flows will not be 
found in abundance to the north of their most northern extension. This is of 
course subject to the same exception as mentioned for the gabbro boulders. 

As to the nature of the gabbro, it will be found described in more detail in that 
part of vol. v devoted to the “ Petrographie Geology ” of the crystalline rocks, under 
the rock numbers collected in the area represented by this plate, mentioned at the 
end of this chapter. ‘There is one feature, however, to which special attention may 
be called at this place. In Herman, which is northwestward from Duluth, in sec- 
tions 22, 25, and 27, this rock consists, in some places, essentially of labradorite and 
olivine, and varies also to a strongly magnetited rock, disturbing the magnetic 
needle. In the first instance it may have the name of forellenstein (Nos. 513, 514), 
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and in the latter it is almost an iron ore (512). These variations are characteristic, 
according to professor Bayley, of the borders of the gabbro mass, whether on the north- 
ern or on the southern boundary.* It also presents here the microscopic peculiarity 
that the olivine, when present, is sometimes of later date than the plagioclase. A 
rare manner of disintegration of the gabbro is shown by figure 1, plate P. 

Within the limits of Duluth city the gabbro is intimately associated with the 
so-called “red rock,” and this can be traced northeastwardly, with more or less 
distinctness, to the northern limit of this plate. It is evinced by fragments in the 
drift, and occasionally by the red rock ¢# s‘tu, but it cannot be mapped independently 
of the gabbro itself. This is the case in Ts. 53 12 and 54-12, where it is, apparently, 
mingled with the basic flows, and is grouped with them. In no place, within the 
area of this plate, outside of the immediate vicinity of Duluth, is this rock found 
as a massive rock cutting the gabbro, and it is here mapped with the gabbro. 
The red rocks seen at the Jake shore at New London and eastward are a part 
of the surface flows of the red rock series, The extension of Piedmont avenue, 
known formerly as the “Weller road,” passes, at about a mile and a half from lake 
Superior, or two miles from the business part of the city, over some gabbro hills 
in which this rock is seen. It is like a scattered blotch, on the side of the gabbro, 
and in thin veins in the gabbro, which is also affected by the contact (Nos. 
1540, 1541, 1542). The yabbro here seen is rather fine-grained, scatteringly 
porphyritic and sometimes marked by coarse irregularities of structure, and con- 
taining areas and nodules of silica of secondary origin, somewhat in the manner 
of a coarse amygdaloid. These features are also indicative of contacting on the 
clastics, and of nearness to the natural surface.t 

The gabbro outcrops frequently on the Cloquet river. Its most northerly 
exposure, within this area, is in sec. 15, T. 54-13, where a ridge running northeast 
rises on the south side of the river, causing rapids for about half a mile. Its hight 
is forty-two feet above the lower end of the rapids (specimens 19M and 20M). 
This rock is not very coarse-grained, weathering gray, and in some places it is quite 
dark with the prevalence of the pyroxene elements and of biotite. These sometimes. 
give a sort of lamination to the rock, and it breaks along these planes. Olivine is 
also common. 

On sec. 31, T. 54-13, and extending into sec. 5, T. 53-18, is an area of exposed gabbro, 
causing rapids in the river, and rising fifteen or twenty feet above the general sur- 
face. This is somewhat magnetic, but no large areas of iron ore were seen. It 
varies from fine to coarse-grained. Near the river is a series of low, narrow ridges 
composed of boulders, principally of gabbro. They extend northeast and southwest, 
rising out of the swamp. 


* Bayer, W.8. The peripheral phases of the great gabbro mass of northeastern Minnesota. Jour. of Geol., li, p. 814. 
+ Compare the description of the gabbro at Short Line Park, plate 88, chapter xxxi. 
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On sec. 18, T. 53-18, gabbro occurs again (No. 43M), causing a waterfall of 
twelve feet, but the actual outcrop is small. A hill on the west side of the river is 
presumably composed of the same rock. 

A large boulder of nearly white feldspar rock, or anorthosyte, occurs at the 
dam S. E. 4, 8. E. 4 sec. 19, T. 53-18. This weathers white, but has small areas of 
darker rock resembling dark gabbro (Nos. 44M and 44aM). It has been broken up 
and used for filling the piers at the dam. At the dam the river descends about 
five feet. This dam is at the outlet of Alden lake. 

(tabbro appears frequently, and sometimes in large amounts, along the river in 
secs. 36, 35 and 34, T. 53-14, causing falls and rapids (Nos. 45 and 46). The petro- 
graphic characters of this area of gabbro are given in the chapters devoted to that 
subject. It is sometimes very coarse, and contains olivine in conspicuous amounts. 
Between these exposures on the Cloquet and those at Duluth nothing is known of 
this gabbro beyond the mention already made of the outcrops in Herman. 

The Cabotian surface lavas, The entire lake shore from Duluth to the eastern 
limits of this plate is occupied by a variety of eruptive sheets of lava overlapping 
each other in great irregularity, and varying from basic to acid. These extend 
inland as far as to the gabbro range, but they cannot be much seen owing to the drift, 
which is abundant. They are exposed along several of the small streams, and form 
various waterfalls and rapids. They can be seen in Ts. 53 and 54-12 W., and their 
debris constitutes there a noticeable element in the coarser drift, conspicuous along 
thestreams. They outcropS. E. 4 sec. 35, T. 54-12, and extend thence northeastwardly 
underlying the elevated tract in section 25 of the same town, and extending into the 
next range east. There is, however, no favorable opportunity, away from the im- 
mediate vicinity of the lake, for studying them. | 

Along the lake shore they have been noted more carefully, and numerous 
samples have been collected and examined in thin section. These surface flows, 
when basic, are supposed to have been derived from the gabbro as a primal source, 
and from the fused elastics of the Animikie and earlier rocks when acid (86M and 
37M). They probably lie upon the Animikie, or on the “red rock” which resulted 
from its fusion and normally separates the Animikie from the main gabbro intrusion. 
They issued from volcanic vents and fissures which existed along the strike of the 
gabbro mass, but which have now been lost by abrasion, and can never be located 
with precision. Owing to the prevalence of morainic drift in the area of these flows 
no attempt is made on the plate to separately represent the most of the red rock. 

From Rice’s point eastward the line of the lake shore obliquely crosses their 
outcropping edges, and gradually ascends in the series to the eastern limit of the 
plate. There is first a phase of the gabbro, which Irving called “orthoclase gabbro,”’ 


216 THE GEOLOGY OF MINNESOTA. 
{The Manitou. 


due to the close intermixture of the basic and acid elements. The gabbro also is 
found to present a curious manner of disintegration. It is changed into a mass of 
more or less globular pieces from one to three inches in diameter, represented by 
the photograph (figure 1, plate P). At points farther west these pieces are much 
coarser (No. 1D). They were noted at a point between the Union depot and the old 
quarry opened by T. M. Newson. Then succeeds toward the east a considerable 
thickness of compact, brownish-red, often porphyritic surface-rocks which are basic, 
or sub-basic, their upper surfaces becoming amygdaloidal. They are often variegated 
with red, especially by red feldspars disseminated through them. Sudden changes 
and overlapping irregularities characterize the structural succession. At times a 
fluidal surface is exposed; again a clastic stratum is intercalated, resembling a brown 
sandrock. These rocks are all split into numerous thin sheets parallel with their 
veneral dip (KE. SE.), which often gives them the aspect of shales. The fragmental 
portions are tuffaceous, though still containmy angular quartz grains.* The red 
rock that oecurs in East Duluth and at New London (Nos. 55, 35A, 56, 58, 60, ete.) 
rises, in the form of a perpendicular or sometimes overhanging cliff, to the hight of 
ten to twenty-tive feet from the water. It is more easily destroyed by the waves 
and by the ice, owing to its close jointing. This is sometimes porphyritie with 
bipyramidal quartzes and anorthoclase, and exhibits a fluidal structure. 

Various porous, amygdaloidal and brecciated conditions occur eastward from 
New London. Sometimes the bedding is suddenly flexed and stands for a short 
distance nearly vertical, indicating strong dynamic pressure since the strata were 
formed.+ Still farther east, and reaching to French river, is much brown diabase, 
which is rather firm, but bedded, amygdaloidal and easily disintegrated. At French 
river this holds prehnite and native copper, and once was explored by shafting, with 
hope of discovering copper in paying quantity. East of this the rock becomes 
heavily bedded and darker, the joints being lined with heulandite. The rock at the 
mouth of Knife river, and forming Knife island, is also a surface diabase, sometimes 
compact and sometimes vesicular. It rises from the water at the east side of Sucker 
bay, and shows numerous irregular cavities in which are accumulated calcite, quartz 
and thalite, the last (No. 91 B) a peculiar mmeral resembling saponite. 

The Manitou, The only representative of the Manitou igneous rocks that can 
he recognized at Duluth is the dikes that cut these surface tlows. Their direction 1s 
usually about north and south, and there are many of them. They are of diabase, 
dark-green or black, and frequently show a horizontal basaltic structure, indicating 
the loss of heat into the adjoining older rocks. If these diabase dikes originally 


reached the natural surface and there overtlowed, they must have formed a series of 
- These alternations are described more in detailin the Vinth Annual Report, pp. 11 to 24. 
+See illustration of this structure in chapter xxxi. 
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basic lavas which would have been very much like those that now form the lake shore. 
Such may still exist farther to the south, buried under the water of the lake, and 
perhaps under cotemporary fragmental conglomerates and sandstones. Such frag- 
mentals are supposed to be those seen in the St.. Louis valley above Fond du Lace, 
although at that point no actual Manitou lavas exist—except as debris forming erup- 
tive conglomerates. 

The drift. In general the’ area represented by plate 66 is deeply buried under 
glacial drift. The valleys have been occupied formerly by enormously larger streams, 
with the exception of that portion of the St. Louis valley below Carlton and of the 
small streams flowing southeastward into the lake below the level of about 500 feet 
above the lake. These have excavated their channels in the drift since the retire- 
ment of lake Superior from about that altitude, and there is no known reason to 
suppose that these streams have been very much larger since that event. Above 
that level, however, the valleys are all subject to the expansion which is character- 
istic of valleys excavated during the prevalence or at the final retirement of the 
ice-sheet, when surface drainage was more copious and more violent. 

There is an extensive flat and often swampy region lying to the northwest 
from the Cloquet river, drained by the White Face, the St. Louis and the Floodwood 
rivers. In general this occupies the area between two morainic belts. The south- 
ern morainic belt extends from the gabbro range westward and southwestwardly 
across Carlton county; and the northern belt is about coincident with the (iant’s 
range (of granite) which crosses the northern part of St. Louis county. 

While it is probable that during the acme of the Pleistocene glaciation the 
general direction of ice-motion was toward the south, it is also probable that 
after the formation of the Giant's range moraine, and perhaps as late as after the 
formation of the more southerly moraine mentioned, the ice dwindled to the size 
of a merely local lobe occupying the basin of lake Superior and moving southwest- 
wardly. Indeed, this latter movement is well established by the direction of glacial 
striz about Duluth and by the direction of transport of gabbro and Keweenawan 
debris. This is further elucidated in the chapter devoted to Carlton county (plate 
96). It is yet unknown how extensive was this later lobe of the retiring continental 
glacier. There are some indications that its northwestern border extended so far 
west as to include, at first at least, the whole of this plate south of the St. Louis 
river.* At any rate there came a time, which was probably many centuries in 
duration, when it turned the St. Louis river from access to the lake Superior basin, 
as explained in the report on Carlton county, and caused it to deliver its waters into 
the Kettle river, and thus into the St. Croix and to the Mississippi valley at Hast- 


*There is reason to believe that the lake Superior basin was occupied by a much greater lobe of the retiring ice-sheet than is 
here suggested, and that it extended over several counties toward the west. Consult the discussion of the moraines of southern 
Beltrami county by J. E. Topp, chapter vii. 


sa 


218 | THE GEOLOGY OF MINNESOTA. 
{Pleistocene changes. 


ings. It was during this flooded condition of the St. Louis and its upper tributaries 
that took place those events which gave to the northwestern part of this area its 
present topographic and surface characters. ‘There were seasons when a large lake, 
ora series of shallow lakes, covered most of this area, and some of them perhaps 
were permanent; indeed, at the present time these muskegs are half-filled lake 
basins on whose surfaces floats a peaty, shaking bog. The surfaces are not every- 
where level, though flat. Through these bogs is an obstructed, slow drainage 
toward the rivers, and thence toward the south. (enerally, these bogs are not deep. 
The drift surface is close beneath, and consists frequently of very fine sand, rarely 
of clay, while in occasional island-hke patches, characterized by larger growth of 
trees or even by different species of trees, the underlying unmodified till protrudes 
above the muskeg surface. The northern and southern borders of this swampy 
tract are formed by the gradual elevation of the till-covered surface. Throughout 
this flat country the immediately underlying drift consists, for the most part, of 
washed and perhaps wind-blown sands which are of a light color, varying to fine, 
sandy clays. This character of the immediate surface also rises, about the borders 
of the swamp, considerably above the surface of the swamp, and is covered with a 
rich forest. It is then a kind of loam or lcess, and possesses the agricultural qualities 
that mark the leess of the Mississippi valley. That the surface deposits of this tract 
antedate, in part at least, the ice-lobe that occupied the lake Superior basin is indi- 
cated by phenomena reported by Mr. Spurr: ‘‘ Between Grand lake and the Cloquet 
river, in numerous cases cuts show a veneer of till, with many boulders (chiefly 
anorthosyte and other rocks characteristic of the Keweenawan province), which covers 
an apparently deep deposit of fine, perfectly stratified sand.”” This is on the western 
fringe of the lateral moraine of the lake Superior ice-lobe. At the time this took 
place the appearances all along the ice-border may have been somewhat like those 
described by Mr. H. P. Cushing at the terminal margin of the Muir glacier when 
that glacier is seen to be overriding stratified drift deposits.* 

Pleistocene changes of the level of lake Superior at Duluth. At a later stage of 
the retreating ice a lake was formed about its border, which had its outlet in Carlton 
county. This outlet changed its place from time to time as lower outlets were 
uncovered, as mentioned in the description of Carlton county, forming beaches at 
varying altitudes, until the lake was finally drained toward the east. These beaches 
are still visible, the highest one being at 534 feet above the lake. Subsequently, on 
the entire withdrawal of the glacier from the continent, there was a return of the 
lake’s water toward the west, causing the flooding of some territory that had been 
dry land, and the submergence of some of the lowest beaches. The lowest beach, 


* American Geologist, vol. viii, p. 207, plate II. 
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on being traced westwardly, appears, according to Mr. Upham, to run below the lake 
level at Duluth, about twenty-five feet.* The water of this lake (lake Nemadji), 
even allowing for subsequent westward tilling, must have covered the region to the 
west from Duluth as far as to Carlton, in Carlton county, and must have received the 
waters of the St. Louis river at that elevation. That place is now 481 feet above 
the lake, but must have stood at 500 or 525 feet above the surface of the lake at the 


date of formation of this beach. 


Dr. A. C. Lawson has givent some details of the phenomena of these changes at Duluth as follows: 

West Duluth. On the hills of the city of Duluth a very clear and excellent registration of some of the 
higher stages of the lake may be observed. The city, as is well known, is being built upon the steep lakeward 
slope of a massive, rounded range of coarsely crystalline gabbro, which within the city limits rises to an eleva- 
tion of probably 800 feet above the present level of the lake. On the upper portion of this slope the topography 
is such that it has been found a convenient and easy matter to construct, as part of the general embellishment 
of the city, a magnificent carriage drive around the brow of the hill. This carriage drive follows a contour line 
at an average elevation of perhaps 470 feet, and is known as the Lake View terrace, or Terrace boulevard. 

It requires but a cursory inspection to see that the particular phase of the topography, which has sug- 
gested and made easy the construction of this Lake View terrace, is due to the imposing upon the steep and 
rocky hill-side of a feature which has been developed along a former shore line of the lake. This feature consists of 
a pronounced natural terrace or shelf facing the open lake. It varies considerably in width, being narrow where 
it rounds the shoulders of the hills and widening out very much in the bays and recesses. It has a gentle but 
constant slope lakeward, and ends rather abruptly on its outer edge, dropping away into the general steep slope 
of the hill. The back of the terrace is limited usually by the rounded glaciated forms which characterize the 
upper portion of the gabbro mass. These rounded forms at the back of the terrace are in places replaced, 
however, by vertical cliffs of gabbro, with large blocks which have fallen from its face scattered about the rear 
of the terrace, and partly imbedded in it. This vertical face of rock, with its talus of angular blocks, represents 
undoubtedly a “ sea-cliff,” and is, like the terrace, a product of shore action. An example of such sea-cliff may be 


seen near the upper end of Ninth avenue west (plate P, figure 2). 
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FIG. 21. SECTION AT THE HEAD OF NINTH AVENUE WEST, DULUTH. 
Elevation of terrace, 476 feet. 


The material of which the terrace is built consists of surf-rolled boulders, pebbles, gravel and sand. The 
arrangement of this material is well seen in the cuts which have been made at a few points in the construction 
of the drive. In the cut at the upper end of Ninth avenue west, about 150 feet in front of the sea-cliff just 
mentioned, the terrace has been sunk into so as to afford a vertical section of nine feet. The lower six feet of 
this section show sharply bedded gravel and sand with occasional boulders up to one foot in diameter (plate Q, 
figure 1). The upper three feet of the section, although composed of the same materials, is not distinctly bedded, 
but this obscuration of the stratification may be due to the action of vegetation. The strata intersect the ver- 
tical plane of the section usually in quite horizontal lines. At the south end of the cut, however, oblique 
bedding of alternating wedges of gravel and sand is well seen, the dip of these beds being 25° and less. 

The relation of the various factors of the topography at the head of Ninth avenue west is illustrated in 


the diagrammatic section (figure 21, above). 


* There is an extensive recent literature pertaining to the levels of the great lakes, and their changes in consequence of the 
retreat of the ice of the Pleistocene. The reader is referred to the investigations of Upham, Taylor, Gilbert, Spencer, Lawson, 
and others, published in the American Geologist, American Journal of Science, Journal of Geology, the Bulletin of the Geological 
Society of America, and in the reports of the Minnesota Survey. 

t Twentieth Report of Minnesota Survey, for 1881. 
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The rear of the terrace in front of the sea cliff was found to be 475.9 feet above the lake. The strycture 
of the terrace shows that while primarily it is a wave-cut feature, the cut shelf of rock and the slope below it are 
covered with current-sorted material which was probably brought down by minor drainage (plate P, figure 2). 

Evidence of shore lines at lower levels in the western part of Duluth was not satisfactorily observed, 
although they will probably be found if looked for on the slopes between Duluth and Fond du Lac. 

At a higher level, however, there is a great beach which spans an embayment in the hill front and 
stretches continuously between the two shoulders of rock which are at the head of Sixth and Eighth avenues 
west, respectively. The Seventh avenue inclined railway, which was under construction at the time the examina- 
tion was made, terminates on this beach, the crest of which was found to have an elevation of 534 feet. The 
presence of the beach is clearly revealed by the topography which it imposes upon the hillside. The contrast 
with the unaffected portions of the hill is striking. The horizontality of the beach crest is the feature which 
first attracts attention, the longitudinal protile of the beach with the rock on either side being not unlike that of 
the upper half of a dumb-bell, thus — —, The transverse profile shows the characteristic undulatory front 
slope of shingle beaches, the descent being by a succession of rounded steps. The same profile shows also a well 
marked lagoon hollow behind the beach. The ground plane shows that this lagoon hollow is entirely enclosed 
by the straight beach in front and by the rocky slopes of the hill on the sides and in the rear, so that the con- 
tour of its rim is roughly of the form of the letter D. 

At the south end the beach has been quarried for road ballast, and there the material which enters into 
its composition, and the arrangement of the same, are readily observable. The material consists chiefly of pebbles 
and boulders, which range in size from two to six inches and have a prevailingly rounded form. There area few 
large boulders up to two feet in diameter, and a good deal of finer gravel. Stratitication is not discernible in the 
mass of the beach, and the pebbles and boulders are piled up in the irregular fashion so well exhibited by the 
living beaches of the lake. There was no longitudinal section which would permit of an observation as to the 
sorting of the material according to its relative coarseness. In the upper part of the beach there is some fine 
gravel and sand which shows a stratiform arrangement, but this is probably due to wash from the lagoon, since 
such drainage would doubtless have kept a way open for itself through the beach. 

The undulatory front slope of the beach extends from its crest at an elevation of 534 feet down to the 
rear of the terrace already described at an elevation of 475.9 feet, and the relations seem to warrant the inference 
that the higher strand line is the older, and that the water subsided by stages till it arrived at the one marked 
by the Lake View terrace, where it remained constant for a sufficient length of time to evolve the striking 
feature of the topography, the terrace being in fact cut into the slope of the older and higher beach. 

Duluth, Tenth avenue east. Near the head of Tenth avenue east, three distinctly marked strand lines 
are recognizable. The highest of these is a wave-built terrace of pebbles and boulders resting on a rocky slope 
and facing the open lake. Careful leveling established its elevation at 534.8 fect, which agrees within a foot with 
the altitude established by an entirely independent line of levels for the beach at the head of Seventh avenue 
west. From this elevation down to an altitude of 436.2 feet, or in round numbers a vertical distance of 100 feet, 
there is a continuous bank of beach material, comprising boulders, gravel and coarse sand, lying upon the slope 
of the bill. On the front of this great embankment there is a level terrace, which, while not very broad, is per- 
sistent, and on being traced southward is found to abut directly against the rocky slope at a place where the 
upper terrace is wanting. This second terrace was found to have at the rear an elevation of 473 feet, which 
again agrees very closely with the figures obtained for the rear of the Lake View terrace in West Duluth. The 
structure of the upper terrace is not revealed by any section: but below the 473-foot terrace there have been a 
number of excavations for road ballast, and in these it is seen that this lower part of the gravel bank is dis- 
tinctly stratified, with a dip in the direction of the slope of the hill, but at a much less angle. There is a small 
ravine to the left of the higher terrace, and there is little doubt that the stream which flowed down this ravine 
supplied the material of which the whole of the 100-foot bank is constructed; and the development of the two ter- 
races and the stratiform structure, seen below the second one, is probably explained by the following considerations: 

The bedrock of the ravine is much lower than the upper terrace, and was so when the lake stood at the 
level at which the terrace was built. The ravine, after becoming itself tilled with detritus to the level of the 
lake, would supply the material for the terrace, and besides this there would be much which would be carried 
down to the subaqueous slope and arranged by the various currents into strata. As the level of the lake sub- 
sided the ravine would be cleaned out, and its accumulations spread out on still lower slopes, also in bedded 
fashion. In this way the 100-foot bank of gravel, etc., stratitied in its lower part, would have been accumulated. 
The lower strand line represents a stave in the recession of the water, at which, as in West Duluth, a second 
terrace was imposed upon the slope of the growing bank, partially cutting into the flanks of the upper terrace. 

At the foot of the rather steeply inclined 100-foot bank of beach material, the slope suddenly changes and 
flattens out into a broad, gently inclinea terrace in which no rock in place is seen. The rear of the terrace was 
found to have an altitude of 436.2 feet. Its surface is composed of a dark earth in which are imbedded scat- 
tered boulders, and it is covered with grass or timber so that its substructure is not apparent. On following the 
rear of this terrace northward beyond the gravel pits, it is found to abut against the roches moutonnées of the 
hill-side without the intervention of the gravel. The age of this terrace relatively to the gravel terraces above it 
is doubtful. It is uncertain whether the gravel bank rests upon the rear of this terrace or whether the terrace 
is imposed upon the lower flanks of the gravel bank. Owing to the absence of natural sections no ready answer 
presented itself to this question, and time was not taken to investigate it. It is possibly an older terrace, but 
evidence of this supposition is lacking. 
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Series 3. Hardy’s schoolhouse. Near the eastern limits of Duluth, in the vicinity of Hardy’s schoolhouse, 
there is a magnificent illustration of that phase of topography which is due to the development of a bar beach 
and delta deposit at the mouth of a valley, which has been the channel of a stream flowing into a lake at a level 
now abandoned. The altitude of the crest of the barrier beach was found to be 509.5 feet above the lake. North- 
ward from it there extends a forest-clad, rock-walled valley about a mile wide at the mouth where spanned by 
the barrier beach. About the mouth of the valley are several isolated rocky hills which evidently formed islands 
in the lake when it stood at this high level. They rise from out of the beach formation or from the flat-lying 
delta deposits farther out which represent the shoals of the old lake bottom. The crest of the beach has a 
curvilinear form and extends in a southwesterly direction from the rocky knob at the schoolhouse, which stands 
at its northeast extremity, to the rocky hills which rise at the back of thecity. Ina general way it seems concave 
towards the valley, but it is by no means a simple ridge. It has a very extensive areal distribution, and while 
on the side it presents sections, as along the line of the electric tramway, which are simple lowly-arched ridges of 
beach material, towards the middle of the valley it spreads out and grades into a broad delta. The crest of the 
beach is higher than the valley bottom to the north of it, and also higher than the flat tract to the south. The 
section referred to on the line of the tramway near the schoolhouse is a cutting made in the construction of the 
road, and displays a vertical section of about six feet of evenly and obliquely bedded gravels, with some sands 
(plate Q, figure 2). 

On the lower slopes of the eastern part of the city of Duluth, and for many miles northeastward along the 
coast, there are definite indications and suggestions of terraces when the land is viewed from a distance. There 
are two circumstances, however, which interfere with the recognition and location of these terraces at cloge 
quarters. The first of these is that the geological structure of this part of the coast is such that the strata dip 
lakeward at about the same angle as the slope of the terraces, so that the changes of inclination in the transverse 
profile are not sufficiently accentuated to permit of reliable determination of the line of the abutment of the 
terraces upon the hill-side. The second unfavorable circumstance is the prevalence of timber, which obscures 
the surface but allows the general effect of a terrace to be sometimes dimly apparent at a distance. 

Mr. Upham has added the following further details of the beaches at Duluth: The upper limit of 
lacustrine action at Duluth and in its vicinity is marked by discontinuous beach deposits on the upper part of 
the steeply ascending bluffs at an altitude of 535 feet to 540 feet above the lake. In the recess between two pro- 
jections of rock at the top of the Seventh avenue inclined railway, where the hight of this shore was determined 
by Dr. Lawson, it appears as a small terrace of sand and fine and coarse gravel, twelve to fifteen rods long and 
five rods wide. The verye of this flat surface is on the level of the railway station floor, and thence the terrace 
rises four or tive feet to where it Joins the till and rock slopes. In front the same gravel and sand fall off about 
twenty feet within a few rods and then spread out again in a similar lower and longer terrace, eight to ten rods 
wide, with its surface gently inclining lakeward, at 515 to 505 feet, approximately. These deposits were brought, 
partially by inflowing waters from above, being so far of delta character, and partially by shore currents, from 
wave erosion of the adjoining bluffs on each side, being for such portion more strictly beach accumulations. 
They mark stages of a lake whose mean levels here were about 535 and 510 or 515 feet above lake Superior. 

Next below these shore lines is the most definite and persistent beach of the entire series. This was gen- 
erally represented along the bluff face by a narrow beach terrace, or slight shelf, less steep than the slopes above 
and below it, so that its contour line, 470 to 475 feet above the present lake, has been used as the course of a 
driveway known as “the boulevard,” which has been graded, and is much used for pleasure driving along an 
extent of four miles, above the principal part of the city of Duluth, from Miller's creek to Chester creek. Beyond 
these limits the boulevard is planned to be extended for distances of four miles more, both to the southwest 
and northeast, following the same altitude and shore line, giving a total length of twelve miles. 


—Lacustrine clays. About the west end of lake Superior are extensive beds of 
laminated clays. These are always superficially red, and in the immediate valley of 
the St. Louis river, as at Fond du Lae, and in the terraces that occur further east, 
that color prevails to the depth of several feet; but in the valley of the Nemadji, and 
and also at Wrenshall, in Carlton county, where extensive brick-making establishments 
are based on these clays, they are red only at the surface, becoming gray below at the 
depth of two to six feet. These clays were of course the result of the high-level 
stage of lake Superior at the closing up of the glacial epoch, and probably while the 
glacial drift of the region to the west and northwest was still subject to extensive 
wash and erosion by the high waters of the rivers and all their minutest tributaries, 


Rocks collected in the area of this plate. Nos. 1-91C; 443-448; 511 516; 807-809; 850, 853-853B; 856, 
857; 1540-1545; 1796-1806; 1942-1948; 1950-1954; 1966-1968. 
Nos. 1888-2028. 
Nos. 18M-20M; 36M, 37aM; 40M-46M. 
Nos. 925G -929G. 
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CHAPTER X. 


THE GEOLOGY OF THE NORTH PART OF ST. LOUIS COUNTY. 


(PLATE 67.) 


By N. H. WINCHELL. 


This large area includes a great variety of topography and of geology, in- 
volving many of the most important and complicated problems.* Its geological 
range is from the Archean gneisses and granites to the gabbro and other eruptions 
of the Cabotian. It is crossed by both iron ranges and within it are exemplified the 


varied economic as well as structural problems pertaining to the iron ores. 


In this chapter is given a general description of the whole area. The details of the geology of the most 
interesting and difficult, as well as the most important, portions will be found in connection with special plates, 
viz.: of the region of Vermilion lake, the Vermilion Lake plate (No. 86); of the Mesabi Iron range, the Hibbing, 
Mountain Iron, McKinley, Partridge River and Dunka River plates (Nos. 73, 74, 75, 76, and 77). 
questions connected with iron ranges are presented by H. V. Winchell, in a special chapter. 


Topography and general features. Without entering into the geology, the fol- 
lowing brief descriptions of the topographic features of the various towns of this 
plate will serve not only as a guide to the character of the country in general, but 


as a basis on which some generalizations can be made touching the distribution and 
“nature of the drift deposits. 


The economical 


Special descriptions of the towns. The following notes are derived from the field-books of members of the 
survey who have examined the region. In some cases, especially in the region north and west of Vermilion lake, 


they are derived in part from the United States surveyors. The list begins at the lower right hand corner of 
the plate. 


T. 55-12. The highest point on the Duluth and Iron Range railroad occurs in section 36, 1,744 feet above 
the sea, about one mile north of Highland, with a cut of twenty feet in morainic drift. Throughout this town 
are scattered many large boulders of gabbro, and these are sometimes disposed in low ridges rising from ten to 


thirty feet above the general level. These occur particularly in the east-central portion. The Cloquet river 
rubs on grabbro in sections 19 and 30. 


T. 55-13. The surface is characterized by alternating swamps and low ridges extending northeast and 
southwest, with grabbro boulders along the river. 


*The compilation of this description is based on field notes and published reports of nearly all members of the survey. The 
first field notes and first collections made were by the writer, who crossed this area diagonally from northeast to southwest in 
1878, in making an extended reconnoissance froin Grand Portage to the Mississippi river. This trip included a visit to the Mesabi 
iron working in T. 50-14. In 1884 another trip was made by the writer across the Mesabi range to Vermilion lake along the line of 
the Duluth and Iron Range railroad. The seasons of 188 and 1837 were largely devoted to the examination of this area, the entire 
geological corps, consisting of three parties, having been engaged more or less. These parties were under the immediate direction 
of late Dr. Alexander Winchell, Dr. M. E. Wadsworth, and the writer. Mr. Horace V. Winchell made independent observations 
and reports in 1436, 1488 and 1x01, including portions of this area, and Dr. U. 8. Grant in 1888: the latter also examined the inter- 
national boundary, cursorily, westward from the area examined in 1887 by Dr. A. Winchell. Later Mr. Warren Upham made 
agome examination of the drift in 1808, and Mr. A. D. Meeds did the topographic work on which the contours are drawn throughout 
the southern and central portions of the area. Mr. J. E. Spurr spemally examined and reported on that portion of the Mesabi 
range in which are located the principal recent developments. These, with special visits and re-examinations by the writer at 
important points in 1888 and 1x89, and alsv in 1806 and 1898, constitute the basis on which this report is founded. 

The earlier examinations by Chas. Whittlesey, and by H. H. Eames, should also be mentioned, the former being the earliest 


geologist to leave a record of his observations in this region, and the latter the discoverer of the iron ores of the Vermilion range 
in 1866. 
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T. 55-14. Surface is generally flat or moderately undulating. 

T. 55-15. Crossed from northeast to southwest by the White Face river. The town is well drained, in 
general, but not uneven. 

T. 55-16. The eastern half is slightly undulating or rolling, underlain by till, but the western is flat and 
occupied to some extent with muskeg, underlain by fine sand or gravel. | 

T. 55-17. Principally occupied by muskeg, underlain by washed drift. Dry land extends through sec- 
tions 6, 5, 4, 3, 10, 11 to 13 and 24. 

T. 55-18. Mostly muskeg. 

T. 55-19. Mainly muskeg, the better drained strips along the streams supporting a considerable growth 
of timber. Underlain by finely washed drift. 

T. 55-20. Flat, mainly muskeg, underlain everywhere by stratified sands and gravels. 

T. 55-21. Nearly level, on the whole, but undulating with variations of ten to forty feet. The eastern and 
southern two-thirds are covered by muskeg, but the northwestern is dry. The town is underlain by stratified 
sand and gravel, becoming coarse toward the north. 

T. 56-12. This town is crossed by a series of valleys and low divides running northeast and southwest 
wholly within the drift-sheet. No rock is known except boulders. The whole town is characterized by low 
undulations, with detached swampy tracts. : 

T. 56-13. Very similar to the last, but more flat toward the north. Numerous gabbro boulders are seen. 

T. 56-14. Very similar to the last. With the gabbro boulders are some of granite, quartzyte and Animikie. 

T. 56-15. Very similar to the last, but the low Jand is not so uniformly in the form of swamps extending 
northeast and southwest. The northwestern corner, including sections 18, 7,5 and 6, are flat and underlain by 
fine washed sand and gravel. 

T. 56-16. The till surface extends over about one-fourth of this town, in the southeast, and the rest of the 
town is flat and considerably covered by muskeg. The scattered dry ridges are somewhat timbered. 

T. 56-17.: Largely muskeg, but with patches a few feet higher than the general level, which support a 
growth of timber, largely of pine. 

T. 56-18. Level, stratified drift, with much muskeg in the eastern part. 

T. 56-19. Mainly muskeg. 

T. 56-20. Flat, mainly muskeg, underlain by sands and coarser washed drift. In the northwest corner, 
including sections 18, 7, 6, and portions of 8 and 5, the surface is of till. 

T. 56-21. This town is also generally about flat, but becomes undulating in sections 3 and 4. The most 
of it is underlain by till, but stratified sands cover the till in the southern sections. 

T. 57-12. The valleys, which run northeast and southwest, are separated by low ridges composed out- 
wardly of drift, but probably based on gabbro, of which many boulders are scattered over the surface, and about 
the water courses. 

T. 57-13. This town is similar to the last. Grandmother hill, composed of gabbro, situated on the line 
between sections 8 and 17, rises abruptly about 250 feet above the general surface. Much of this town is wet, 
-with cedar and tamarack swamps. 

T. 57-14. Generally dry, but flat. 

T.57-15. Generally flat, with some swamps, especially in the northwest. 

T. 57-16. Level, washed drift, better drained along the Embarras and St. Louis rivers. Swamp in sec- 
tions 5, 6, 7 and 18, and smaller swamps scattered. 7 

T.57-17. This town is generally level, and underlain by washed drift. A rolling till surface, however, is 
found in sections 6, 5 and 4, where the land rises rather abruptly to 300 feet above Cedar Island lake. The town 
is swampy where flat, but not entirely of muskeg. 

T. 57-18. This town is very similar to the last, but has more dry land. It is in general underlain by level 
sands and gravels. An elevated till-covered surface is found in section 1. 

T. 57-19. Generally flat, although till underlies the northwestern one-third. Much muskeg and other 
swampy surface. 

T. 57-20. A belt of dry land enters this town from the south, about a mile wide, along the stream in sec- 
tion 34. This runs northward to section 10, turning east to include sections 11, 12 and 14, and 13. In section 
28 it also branches westward, including parts of sections 20, 29, and widens north and south from Hibbing to the 
southern side of the town. The rest of the town is low and often swampy. About Hibbing the till exhibits 
morainic characters. 

T. 57-21. This town, wholly underlain by till, has a rolling or undulating surface, which in the northern 
tier of sections, and in sections 7 and 8, becomes morainic. There is more or less swamp, but not muskeg. 

T. 58-12. In general the surface is of till and rather flat, with marshes. Numerous gabbro boulders and 
a few of granite are scattered about the lake shores and elsewhere. These boulders sometimes are in bunches 
or low ridges, in the swamps and about the lakes. 

T. 58-13. Similar to the last, probably underlain by grabbro (under till), on which is frequently much 
wet land. Ridges of gabbro boulders are conspicuous in sections 17 and 18. The extensive muskegs, of this 
region crossed by the Duluth and Iron Range railroad are represented by plate R, figure 1. 

‘T. 58-14. Ridges of gabbro, of irregular shape, occur from Allen Junction to Allen and eastward, over- 
strewn with many boulders, sometimes in low, loose ridges. The drift is of till, except when washed and 
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deposited as gravel and sand, and much of it is low and swampy. The northern two tiers of sections are 
frequently rolling, and especially about Partridge and Sunfish lakes. 

T.58 15. This town is mainly dry, with an undulating till surface -rolling in the north. The till is 
frequently replaced, in the southern and central areas, by glacial gravels which have a rather flat upper contour. 

T. 58-16. This town is considerably diversitied, with elevations ranging from 1,400 to 1,700 feet above the 
sea; Esquagama lake being still lower, or 1,353 feet. The elevated ridge of granite. in sections 5 and 7, has its 
culmination in N. Bb. 14 sec. 7. The region is covered with till, which also extends eastward to Biwabik and 
Merritt. Southward from McKinley and Merritt the surface is composed of moditied drift (chiefly gravel and 
sand), which, being flat, is still mostly dry. 

T. 58-17, This town is rough, not only by reason of the underlying rock, but by reason of the posé of the 
drift, which is everywhere till, except in sections 25,35 and 36. There are three points that reach an elevation of 
nearly 2,000 feet, viz. N. W. 1,8. W. ly see. 21, 1,927 feet; S. W. 14 S. W. Ly sec. 28, 1,950 feet, and S. EB. 14 
S. E. 14 sec. 28, 1,900 feet. At Virginia and southwestward is an area of flat and wet land, based on the till, 
with some overlying compact clay. 

T. 58-18. This town varies in altitude from about 1,400 feet in the southwest corner to about 1,700 in the 
northwest corner. It is principally occupied by till, which is morainic along the northern tier of sections, but the 
central southern area is flat and covered by washed drift, with a large area of swamp. 

T. 58-19. The northern part of this town is about 350 feet higher than the southern, due to the underlying 
formations, but the whole town has a covering of till, which is morainic in the north, but undulating or flat in 
the southern. 

T. 58-20. A morainic belt akouv a mile and a half or two miles wide crosses this town, from section 30 to 
section 12. Throughout this the surface is abundantly strewn, and sometimes almost covered, by boulders mainly 
of granite. The rest of the till is apt to be fine blue clay, though often stained red for several feet at the surface, 
and containing sparingly small boulders and fragments. Through all are occasional patches of washed gravels. 
Aside from this morainic belt, the drift is flat or undulating, and the drainage is to the north and to the south, 
with much swamp toward the north. 

T. 58 21. The morainic belt last mentioned covers, in this town, the lowest two tiers of sections at first, 
but its northern edge falls away in sections 28 and 29, and leaves the town at the point where the stream enters 
it in section 31. Toward the north is an undulating drift-covered country with scattered small swamps. 

T.59 12. Mostly dry and level, highest in the southeast. Till or gravelly till. 

T.59 13. Till, but mostly wet. Dry and elevated in N. W. 14 sec. 6. Probably underlain by gabbro. 

T.59 14. The hights of the Giant's range are 1,850 feet, and occasionally 1,900 feet, above the sea. 
From this the surface descends to 1,500 feet, and less, toward the northwest and toward the south. The drift is 
generally stony till, and through the central portions short sharp ridges of boulders of granite and of gabbro are 
common. Some swampy land, not muskeg, is found in the southern half of the town. 

T. 59-15. The granite of the Giant’s range crosses this town, rising to 1,900 feet in section 13, and to 1,850 
in section 20. Sabin lake is at an elevation of 1,380 feet. South of the Giant's range the country is dry, but it 
is swampy north of it. The Embarras river runs through an area of muskeg, which extends nearly to Sabin lake. 
A moraine crosses the town, Sabin lake being io a valley of north and south glacial drainage kept open through 
the moraine. On either side of this lake the drift hills rise from 250 to 300 feet above the lake, viz.: in sections 
29 and 30. 

T. 59 16. The hill range covering sections 26 and 3 rises to over 1,700 feet above the sea, consisting of 
granite principally, buried under morainic drift. Pike river valley is another old drainage course kept open 
during the glacial accumulations. The moraine on the west side of this old valley rises to 1,900 feet in the 
N. W. 1, sec. 31.) The highest land here is crossed by the town line. Aside from the swampy land that accom- 
panies the Pike river this town is generally dry. Along the immediate valley is considerable modified drift, 
northward from the moraine. The general level of the town is about 1,500 feet. 

T. 59.17. The high hill in section 28, composed of granite, obscured by till, rises to over 2,150 feet, and 
that in section 26 to 2,025 feet, the former being the highest point within the area represented by this plate. 
The town is in general occupied by till, which is morainic in the southern half. 

T. 59-18. The southern one-third portion of this town is morainic, and the remainder has a considerable 
swamp. Westward from Sandy lake is a belt about a mile wide, which is occupied by a superficial stratum of 
coarse modified drift, which has a more or less rolling topography. The highest land is in north part of section 
26, rising to 1,860 feet. 

T. 59-19. The spur of the Giant's range crossing sections 35 and 36 rises to 1,820 feet. Morainic till is on 
it and extends about a mile north of it, and westward into section 32. <A little more than one-half of the town is 
covered with gravel or gravelly till, with an undulating outline, its southern border running from the south side 
of section 20 east-northeast to the northeast corner of section 13. Between this area and the morainic surface 
is a belt a mile to a mile and a half in width which is occupied by ordinary undulating till. 

T.59 20. Mainly a gravelly and till surface, dry, sloping north; mostly flat, but more rolling in section 36, 

T.59 21. Mainly flat and gravelly, with some swamps in the northwest. 

T. G0 12. An undulating or rolling till surface, with gravelly patches and small swampy tracts. The 
various branches of the Dunka river give it good drainage, and by their erosion a more broken surface. Some 
prominent hills of granite belonging to the Giant’s range are found in sections 7, 8 and 9. Low gabbro ridges 
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prevail in the eastern half of the town. There is a heavy drift, probably of the nature of a moraine, running 
across the northern part of this town, the most northern of the later moraines of the lake Superior ice-lobe. 

T. 60-13. The narrow granite ridge of the Giant’s range, which crosses this town from southwest to 
northeast, rises to the hight of about 1,800 feet, its highest point being 1,865 feet, north side of section 23. The 
rocks of the Mesabi iron range form lower hills along the south side, and gradually slope to the low land drained 
into the Partridge river. Toward the north the descent is more abrupt to the valley of the upper Embarras 
river, which flows through a region of swamp, and which rises in a small lake in section 3. The northeastern 
portion of this town is heavily drift-covered, charactistic of the region about the western and southern sides of 
Birch lake, and probably marks a marginal moraine belt of the lake Superior ice-lobe. The Giant’s range begins 
to sink away in sections 14, 13, and 12, and is wholly lost, as a hill range, in the next town east. 

T. 60-14. This town is considerably broken and rolling, with many swamps in the depressions, drained 
slowly by the Embarras river. The drift effectually covers the rocks. The surface rises about 250 feet in south- 
east part of section 36, caused by approach to the Giant’s range. 

T. 60-15. The general character of this town is like that of the last. 

T. 60-16. This town is heavily drifted, but the immediate surface is of permeable materials, making it 
generally dry. The uplands are of glacial gravels or of till, and the valley of Pike river is in washed sands and 
gravels of post-glacial date as to present posé, though probably originally of glacial origin. In the northwest 
corner, sections 18 and 7, glacial gravels form a rolling surface. 

T. 60-17. There is some till in the southern part of this town, in a belt about a mile and a half wide, but 
on the southern side (sections 35 and 36) it is limited by river-washed gravels, and toward the north, occupying 
the rest of the town, are glacial gravels forming an undulating or rolling surface, with much swamp. 

T. 60-18. This town is almost entirely occupied by glacial gravels, and has a rough contour, some of the 
hills rising 150 feet above the valleys. Yet in the northeastern corner are about four sections covered by marsh, 
which lies on both sides of the stream which flows from Rice lake. 

T. 60-19. There isa little swampy land along the stream which flows westward in the northern part of 
this town, but it is otherwise dry and gravel-covered, with rather broken surface. 

T. 60-20. This town is probably occupied by glacial gravels, ina manner similar to the last, but it has not 
been examined. The surface is level or gently rolling, according to the United States surveyor. 

T. 60-21. Similar to the last, but with a large swampy tract in the northeast. 

“TT. 61-12. The contour of this town is rather diversified. The irregularities of the rocky surface have 
been generally toned down and sometimes entirely hid by the drift deposits, which are copious, and which have 
superimposed their own topography. There is evidence of a glacial lake having covered the most of the town, at 
least the southern portion of it, while the eastern end of Birch lake was obstructed by the glacier. A terraced 
condition of the drift deposits is noticeable along the south side of Birch lake (more visible in Ts. 60-12 and 
61-11), the drift being characterized by abundance of debris, which must have originated further south. 

T. 61-13. This town is similar to the last. The outlet of the glacial lake mentioned above must have 
been through section 23, into Stuntz lake and thence northeastward to White Ironlake. Incase the northern ice 
and the lake Superior ice-lobe co-existed at about this locality, the former then accumulating the Vermilion moraine, 
the outlet of this glacial lake must have been toward the southwest by way of the valley of the Embarras river. 

T. 61-14. This town has not been examined, but it is probably covered by glacial gravels with rolling 
contours. The lakes in the northern part are deep, with rocky shores. 

T. 61-15. This town is also heavily drift-covered, with occasional rocky knobs rising above the general 


surface, especially in the northwest. 
T. 61-16. Generally dry and rolling, gravelly, with rocky knobs. A great many boulders are strewn over 


the surface, especially in the northern part. 

T.61-17. Surface rolling, gravelly, frequently wet, with spruce and tamarack swamps. 

T. 61-18. Surface rolling, with spruce and tamarack swamps. Drift generally gravel. 

T. 61-19. Similar to the last, but rocky in the northeast. 

T. 61-20. Level or undulating, probably gravelly. Uplands timbered with aspen, spruce and balsam fir, 
with scattering pine. Swamps with spruce and tamarack. 

T. 61-21. Level or undulating, generally of glacial gravels. , 

T. 62-12. Surface is rolling, with hills of rock and of drift. Large deposits of terraced gravel, etc., occur 
about White Iron lake, especially in sections 23 and 26. 

T. 62-13. Surface much broken and the rock frequently exposed, glaciated southwest-west. Generally 
dry, but with occasional swamps of spruce and tamarack. 

T. 62-14. Characterized by rock ridges extending in general east and west. Country generally dry. 
Ridges from 50 to 100 feet, or 150 feet, above the valleys. Much rock exposure. 

T. 62-15. About the shores of Vermilion lake is abundant rock exposure, the lake being at an altitude of 
1,357 feet. But the southwest shores are drifted throughout its whole length, with only rare rock exposures. 
A morainic belt is supposed to cross this town through the southern sections, named by Mr. Upham the Ver. 
milion moraine. The rock ridges from which iron is mined in sections 27 and 333, rise from 200 to 300 fect above 
Vermilion lake. 

T. 62-16. A range of morainic till skirts the southwest side of Vermilion lake (the Vermilion moraine). 
The rocks are but rarely exposed about the southerly shores in this town. Southwest from this belt the country 
is low and wet. : 
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T. 62-17. Similar to the last. 

T. 63-12. The general and much of the detailed topography of this town is due to the form of the under- 
lying rock-surface, but there is also a large deposit of drift. There are terraced gravels south of Long lake 
west from Ely and bordering its north shore, as well as stoneless clays about the east end of the same lake. An 
elevated ridge. largely composed of rock, runs through sections 33, 34, 35, and 36, and another along the north 
side of Long lake. Indeed, the whole town is marked by a succession of east-west ridges wrought in the rock, 
these ridges rising from 50 to 150 feet, and more, above the valleys (plate R, figure 2). 

T. 63-13. This town is similar to the last, but the lower portion of the valley of the Burntside river was 
covered by the glacial lake that occupied the valley of Long lake, and it is now covered by fine clay, extending 
nearly to the outlet of Burntside lake. The rocky areas also are not distinctly east-west ridges, but irregular 
knolls and hills. These prevail throughout Burntside lake and northward, with scant drift. A hill range runs 
through sections 33, 34, 35, and 25. 

‘YT. 63-14. This town is rough, with frequent hills of granite, not having an abundant drift. The lakes are 
rock-bound. 

T. 63.15. Rough, with the rocky structure (granite). In the southern portion some tracts more level, but 
still rocky. 

T. 63-16. Granite and schists make this a rough town, the drift not being thick. 

T. 63.17. Generally quite rocky and rough, but frequently wet, with more drift and uniform characters in 
the southwest, where boulders form the lake shores. 

T. 63-18. Abundant drift covers the southwestern one-third or one-half of this town where the lake shores 
are of boulders. But toward the northeast the rock is more uncovered, and the country is more broken. 

T. 63-19. This town is heavily drifted, with no known rock outcrops. The Vermilion moraine passes 
through the northeastern portion. Marginal moraine gravel deposits, with a rolling or undulating surface, are 
supposed to occur in the south. The town, however, has not been examined. 

T. 63-20. This town has not been examined, but is probably quite similar to the last. 

T. 64-12. This town is unexamined, but it is known from general considerations to be generally rough, 
with ridges and knobs of granite and gneiss, with rock-bound deep lakes. 

T. 64-13. Similar to last. 

T. 64-15. Rough, with hills and ridges of gneiss and granite, varying to mica schist. 

T. 64-16. Rough, with much rocky surface, with interspersed swamps; smoother in the north. 

T. 64-17. The river is wide and slow, occasionally with granite shores, but generally having drift shores. 
The country rises gently on either hand, but for the most part not exceeding twenty-five feet near the river; occa- 
sionally higher land appears at a distance, but the town, although underlain by granite rocks, is not very hilly. 

At the outlet of Vermilion lake, the water-surface goes down about fifty feet to a lower lake, with consid- 
erable tumult, over large boulders of coarse granite, without much exposing the underlying rock in situ along 
the river. The underlying rock is rather fragile mica schist, visible on the east side of the bay from which the 
river goes out, and represented by fresh slabs of that kind of rock scattered about the outlet (plate S, figures 
1 and 2). 

T. 64-18. This town is moderately rough, with hills of gneiss and of granite, interspersed with small 
swamps. 

T. 64-19. Elbow river runs through a very rough country in sections 24, 25, 26 and 3, the hills rising 
about 200 feet above the river, Bald mountain being on the north side. The rapids are at the outlet of Elbow 
lake and at a distance of two and a half or three miles below. The outlook from Bald mountain is over a for- 
bidding country of hornblendic and chloritic gneiss. The stream is remarkably free from rapids for so rough a 

‘country. Through sections 33, 29 and 19, the immediate valley is swampy and contains Rice lake. 

T. 64-20. The shores of Pelican lake are not very high, nor rocky, but mostly sandy or boulder-bound. 
There are reported considerable drift hills in central and southern portions of this town, the supposed location 
of the Vermilion moraine (Upham). The underlying rocks are granite, gneiss and mica schist. 

T. 64-21. The Vermilion moraine probably passes through this town (Upham), but the interior of the 
town has not been examined. There is more reason to believe, however, that the Vermilion moraine lies to the 
east of Pelican lake. 

T. 65-17. The Vermilion river passes through the centre of this town, which has not been subdivided. It 
has an extensive rapid over granite in section 35, with a fall of about eighty feet. There is another rapid about 
in section 27, with fall of about six inches. There isa fall of fifteen feet near the centre of section 22, over gneiss, 
and another in the southern part of section 9, of six feet, over gneiss. In general, this stream, however, is rather © 
steady, in this town, with drift banks, the country being flat except at the points mentioned, where hills appear 
on either side. The stream is in contrast with the drainage courses farther east and north, which are composed 
rather of a succession of lakes. This flat country continues to Crane lake. 

T. 65-19. Not examined. 

T. 65-21. In only two places near Net lake is rock in situ known. This is on a small island, near the east 
side of the lake, just west of the Indian village. Mica schist also crops out in the midst of the Indian village. 
The portage from Pelican to Net lake is over a region of drift, with much gravel and sand, and many large 
boulders. The Vermilion moraine probably runs to the east of Net lake, and from it a gravel-covered and 
finally a silted surface spreads out toward the west and southwest, incidental to the waters of lake Agassiz. 


GrEoL. Nat. Hist. Sur. MINN. PLATES. 


Fic. 1. OUTLET OF VERMILION LAKE, LOOKING SOUTH OVER MICA SCHIST. 
(pp. 226 and 242.) 


Fic. 2, LOOKING FROM THE OUTLET OF VERMILION LAKE NORTHWARD, 


INCLUDING A PoRTION OF A LOWER LAKE. (pp. 226 and 242.) 


Sigtized by Google 
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Fic. 1]. Curtain FaLis, OurLer oF CrooKkED Laker, Sec. 6, T. 66-12. (pp. 227 and 243.) 


wade 


Fic. 2. GORGE AND FALLS IN THE VERMILION RIVER, N. E. 4 Sec. 30, T. 67-17, 


Cur IN GneEIss. (pp. 227 and 242.) 


Piotized by Google 
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Special descriptions of the towns. ] 


T 66-12. This town borders on Crooked lake, which is a part of the waters of the international boundary. 
The country is rather broken, underlain by the gneiss and schists of the Archean. At the outlet of Crooked 
lake is Curtain fall (plate T, figure 1), where the water descends 27 feet. Below the fall is a rapid in which the 
water descends again about three feet, thus reaching Iron lake. 

T. 66-13. The surface of this town is much broken, having high hills and precipitous ledges of 
granitic rocks. 

T. 66-14 and 15 have not been subdivided. They are probably quite hilly, with granitic rocks. 

T. 66-16. Loon river, crossing sections 1, 2 and 3, is a sinuous stream. The shores are low, rising five to 
twenty-five feet, but in places having higher land not far to the south. The rapid which occurs at the northeast 
corner of section 1 affords a fall of about forty feet, that at half a mile further west has a descent of about four 
feet, and that on the section line between sections 1 and 2, about six inches. Otherwise the stream is smooth 
in this town. 

T. 66-17. This town is occupied by hills of granite. The Vermilion river, however, is steady and receives 
the Pelican in N. W. 14 sec. 31. 

T. 66-18. The Vermilion has a steady descent through this town, which, however, is broken by a rapid and 
fall of nine feet near the centre of section 24. There is also a small rapid and descent of one foot about on the 
section line between 10 and 15 in the N. 6. 14 sec. 15. The immediate banks of the river are generally not ROGEY 
but hills of granite rise at a short distance on either hand, and the town is generally rough. 

T. 66-19. Not examined. 

T. 66-20. Not examined, but it is known that avery hilly tract, probably of drift, occurs to the west and 
southwest of Black Duck lake, the assumed location of the Vermilion moraine. 

T. 66-21. Not examined, but this town is probably occupied by a flat or undulating drift, which consists 
largely of gravel and sand, rendering the surface dry, with only occasionally low knolls of rock. 

T. 67-13. This is hilly, with gneiss and granite and mica schists. The international boundary waters on 
leaving Iron lake pass to the east and north of Irving island, but the boundary line, as laid out and recognized 
by the United States surveyors, turns to the west in the N. W. 14 sec. 35, where water goes only at high stage. 
It thus reaches Lac la Croix by the stream in section 34. The main boundary stream goes north from Iron 
lake to McAree lake, and thence to Lac la Croix. The boundary line follows the dry channel from Iron lake 
and enters a small lake in S. W. 14 sec. 26, leaves it, and continues northwestwardly over a tongue of land pro- 
jecting southwest from Irving island, and descends to Lac la Croix, in the S. EB. 14 of sec. 27. In the portage 
across Irving island the United States section lines are meandered up to the portage trail. 

T. 67-14. Lac la Croix has a spider-like extension over the eastern and northern parts of thistown. Other- 
wise it is rough or hilly; with the Archean rocks. 

T. 67-15. The shores are rocky and sparsely timbered. The country is hilly. Only in very high water is . 
there any current passing from Lac la Croix southward to Loon lake, where the international boundary is 
located, although there is a descent of twenty feet to Loon lake. 

T. 67-16. Little Vermilion lake, which receives Loon river, extends from section 28 to section 6, crossing 
this town. This stretch of water, which is narrow and river-like nearly all the way, is sometimes very sinuous, 
with low, grassy, marshy banks. Just at the point where it leaves the town, N. W. \% sec. 6, is a rapid with 
descent of about a foot. The country in general is hilly and rocky, with scant forest. 

T. 67-17. The Vermilion river has a fall of twenty-one feet, through rapids, on N. E. 14 sec. 30 (plate T, 
figure 2), and another of six and a half feet at the section corner 19-20, 29-30, over gneiss at both places. There 
is another rapid over mica schist and granite, with a descent of eight inches, in N. E. 14 sec. 20. The portage 
that descends eastward from S. E. 14 sec. 21, to the N. W. 14 sec. 22, has a fall of forty-five feet, the rapids con- 
tinuing for more than half a mile. From this the water has but a very gentle descent to Crane lake, which 
spreads irregularly over the northern and eastern parts of this town and into the town next east. This town is 
generally rather broken with granitic hills. 

T. 67-18. This town has not been examined except along the Vermilion river, where it is broken with 
granitic hills. It is believed to be generally of the same character. 

T. 67-19. Not examined, but the town is probably rough, with numerous granitic hills. 

T. 67-20. Not examined, but it is probable that the line separating the rocky country from the drift- 
covered passes through this town. It is the same transition that is so noticeable at the west end of Rainy lake 
and along the southwest side of Vermilion lake. 

T. 67-21. Not examined, but this town is supposed to be flat or undulating, with a considerable drift- 
mantle, consisting largely of gravel and sand. 

T. 68-13. The land of this town isa part of an island in Lac la Croix, which the Canadian maps name 
Roland, but which by Minnesota maps is named Coleman island. The surface is nearly level, but yet rocky. 

T. 68-14, This town, lying on Lac la Croix, is rough and_ hilly, with Archean rocks, but is well timbered. 

T. 68 15. Similar to the last, with bold rocky shores, 

T. 68-16. The small patch of land belonging to this town (in section 31) is hilly but well timbered. It is 
on the point of the peninsula between Crane lake and Little Vermilion lake. 

T. 68-17. At the narrow place separating Crane lake from Sand Points lake there is a little current and a 
descent northward of three or four inches. This narrow place is in the southern part of section 36. Sand Points 
lake spreads irregularly over the most of this town, which is otherwise rather rough, with Archean rocks. 

T. 68-18. Rough, with Archean hills, 
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T. 68-19. In the lower reaches is found occasional swamp, but generally this town is hilly, with little or no 
drift covering the rock. 

T. 68 20. Not examined, but it is learned from the United States township plats that a considerable 
swampy land lies along the water courses. The town is probably considerably drift-covered, the eastern edge of 
the Vermilion moraine lying in the southwestern part. 

T. 68-21. Not examined, but supposed to be well drifted, and rather flat, with modified drift abundant — 
the Vermilion moraine probably affecting the northeastern portion. 

T.69 17. Hilly and rocky. At the outlet of Sand Points lake into Namekan lake there is a distinct cur- 
rent, and a descent of not more than six inches. This occurs near the centre of section 27. 

T. 69-18. This town is rough, with granitic hills. 

T. 69 19. The assunmred limit of Namekan lake, westward, is at the narrows in section 29, but the lakes are 
on the same level. The surface of this town is similar to that of the last. 

T. 69 20. Surface broken, with Archean rocks frequently exposed. Kabetogama lake extends east and 
west across this town. More drifted in the southwest. 

T. 69 21. This town is similar to the last, but is more largely covered by Kabetogama lake. The rock is 
bare abundantly about the lake shores. The Vermilion moraine is presumed to cross the southwestern quarter 
of this town, separating the rocky land from that which is drift-covered, but the town has not been examined 
except along the lake shore. 

T. 70 18. The Namekan lake empties into Rainy lake at Kettle falls, with a descent of about eight feet. 
These falls are at the southeast corner of section 33. The town is hilly, with granite and mica schist. 

T. 70 19. Similar to the last. 

T. 70 20. Rocky, gently rolling; rock, mica schist; shores lower than further east, and tending to be 
marshy. 

T. 70 21. Similar to the last. 

T. 71 20. Hilly. The point projecting to Brulé narrows is generally low. The rock is generally of 
mica schist. 

T. 71 21. Surface rolling and rocky, with mica schist. Numerous islands are near the shore. 


ELEVATIONS IN THE NORTHERN PART OF ST. LOUIS COUNTY. 


Duluth and Iron Range railroad. 


Miles from Feet above 

Duluth. tide. 
Highland (formerly Gakadina), - : - - : . 38.6 1,709 
Summit (highest point on the line, cut 4 feet), grade, —- : é 39.5 1,744 
Thomas, - - - - - = : : : - 43.3 1,610 
Little Cloquet river, bed, 1,489; grade, — - : : : “ 45.2 1,521 
Cloquet river, bed, 1,477; grade, : : Z ‘ : : 47,2 1,493 
Cloquet River station, : “ 4 : : ‘ - 47.7 1,505 
Breda (formerly Wissakode) — - : : : : J = 50.8 1,580 
Summit, grade and natural surface, 7 . - : - 52.6 1.622 
Outlet of Basset lake, bed, 1,575; grade, : : - : : 54.2 1,594 
Basset Lake station, - - - : . : . 54.8 1,638 
White Face river, bed, 1,606: grade, - . é : : : ; 06.4 1,635 
Summit, cutting 14 feet: grade, — - é : : : 58.8 1,695 
Reno, - - - . - - . 60.5 1,665 
St. Louis river, bea. 1, 583: Seales : : - . - 63.1 1,597 
St. Louis River station, - - - - . - - 64.0 1,584 
Summit, cutting 10 feet: grade, — - : . ; . - 64.8 1,609 
Partridge river, bed, 1,489; grade, : - - 2 - : 69.3. 1,004 
Allen Junction, : - - - - : : : 70.0 1,508 
Beaver Dam creek, bed, 1,472; grade, : - - . 71.2 1,484 
Allen (formerly Okwanim), - - - - e F 71.4 1,481 
Junction of survey to Mallmann mine, - - . : . 72.9 1,527 
Camp at Mallmann mine (N. E. cor. sec. 11, T. 59-14), - : : 77.3 1,685 
Summ 't, cut 7 feet; grade, - - - - - . : 73.2 1,529 
Mesahi, . - . . : ‘ 74.0 1,512 
Mesahi creek, bed, 1,481: satis - - - - : 74.7 1,488 
Hinsdale, at Summit, cut J0 feet; grade, : : . : 76.3 1,596 
Embarras river, bed 1,408; grade, . : : : : Es 80.9 1,426 
Embarras River station, — - : : - : ‘ : 81.8 1,426 
Norway, - - - - - . - S : 84.1 1,472 
Summit, natural surface ana grade, . 3 4 é 84.7 1,487 
West Two rivers at first bridge, bed, 1,432; eae: - - : 89.2 1,438 
West Two rivers at sixth bridge (?), bed, 1,403; grade, - . : 90.7 1,414 
West Two Rivers station, - - - - - : 91.1 1,425 


Summit, natural surface and grade, : : : 2 : 91.4 1,441 
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Elevations. 
Miles from Feet above 
Duluth. tide. 
East Two rivers, bed, 1,375; grade, — - - . : : : 92.8 1,385 
Tower Junction, - - a : : : . - 93.0 1,381 
East Two rivers, grade, - - - - 2 - 93.5 1.381 
Tower, : ‘ : - - 94.4 1,367 
Vermilion lake, water, - - - - - 95.2 1,357 
Summit of grade (branch to ‘ia mines), : z - : 94 6 1,510 
End of track at Stantz mine, - - - - - . : 94.9 1,491 
Summit, grade and natural surface (branch to Ely), —- : : 100.1: 1,516 
Armstrong Lake station (side track), - - - - - 102.8 1,476 
Robinson Lake siding, - - - - - - - 104.2 1,482 
Depression, grade, - - - - - - 110.1 1377 
(This is at the foot of a descent from the west; forward ane grade is 

nowhere above 1,386 feet to 112 miles.] 
Ely, : “ é £ : - - - 113.4 1,417 
Garden lake, water, - - - - - - - 120.0 1,384 
- - - 120.2 1,383 


Kawishiwi river, water, : : 
Duluth and Iron Range railroad Western Mesabt branch. 


Miles from Feet above 
Duluth. tide. 
Allen Junction, - - - - - : - - : 70.0 1,508 
Mesahbi creek, bed, 1,430; water, 1,432; grade, —- . - : 75.7 1,440 
17.0 1,478 


Summit, cut 2 feet; grade, - : : : 


Embarras river, bed, 1,363; water, 1, 366: Sena - - - 82.5 1,380 
[The river here has the same level as the Upper Embarras re (1,366 
feet) next north; rapids fall 5 or 6 feet just below this bridge to the Lower 
Embarras lake (about 1,360 feet).] 
Junction of branch to mines, - z : : : - : 84.0 1,425 
Junction of branch to the Cincinnati mine, : : - : 84.0 1,432 
End of track (Cincinnati mine), - D0 1,568 
On the branch to the Canton mine, crossing of the Biwabik ah of tiie 
Duluth, Mesabi and Northern railroad; grade, - - - 83.0 1,456 
Canton mine, west and upper shaft; surface, - - : - 85.2 1,492 
McKinley town-site, - : : - 87.4-87.7 1,432-1,440 
Summit, cut 26 feet; grade, —- : z 90.6 1,589 
Pike river, water, 1,532; grade (on trestle, 46 et Bie: - : 91.0 1,078 
Rock, cut 500 feet long, natural surface, 1,605; grade, - - - 91.2 1,573 
Deep, cut in drift, 1,200 feet long, natural surface, 1,646; grade, 92.5 1,608 
Crossing (above) Duluth, Mesabi and Northern railroad (1,063); grade. 92.8 1,998 
[From 94.0 to 97.0 miles this road makes a long and narrow loop, convex 
to the northeast, in descending across the valley of Six Mile creek, which 
runs west into a smal! lake close north of Virginia. This loop is mostly in 
the southern two-thirds of sec. 4, T. 58-17.] 
Smal] stream, from springs, bed, 1,425: grade, - - - - 97.6 1,434 
Lake at Virginia, - - - - - 1,423 
General level at Virginia, one-half mile sonih of this aitvontl - . 97.6 1,435 1.440 
Summit, cutting 17 feet; grade, - - - - : 100.0 1.463 
Crossing (above) Duluth, Mesabi and Northern eafitend (1,4 ae grade, - 101.9 1,463 
Junction of two lines of survey westward, : : 3 103.3 1,542 
On the southern line. 
: 3 : : 103.4 1,545 


Summit, cut 2 feet; grade, $ é 
Stream, bed, 1,501; grade, - : - : : 5 : 104.1 1,538 


On the northern line. 


Cedar swamp, forming the divide between the St. Louis and Rainy Lake 
river basins, N. W. 14, sec. 6, T. 58-18; surface, - - 105.0 1,615 

[This profile ends on the west line of this range 223 feet north of the 1 

section stake on the west side of sec. 30, T. 59-18, natural surface, 1549 1578. ] 


Proposed grade at end of survey, - - : - - - 106.9 1,559 
Duluth, Mesabi and Northern railroad. 
Miles from Feet above 
Duluth. tide. 
White Face river, water, 1,281; grade, : : . - 60.1 1,302 


[From Albert northward to the second crossing of the St. Louis river 
this country consists mainly of tamarack swamps and muskeg.] 
Summit, in a grove of Norway pine, natural surface and grade, - 72.9 1,355 
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St. Louis river (second crossing), bed, 1,296; water, 1,300; grade, 


Shaw, - - - : - 
Summit, cutting 13 feet; grade, - - - 

Creek, bed, 1,343, — - : Z : z 
Creek, bed, 1,345, - i : 

Iron Junction of Biwabik eaneh 

Summit, cutting 2 feet: grade, : - : 

Creek, bed, 1,367; grade, — - - - : : 
Creek, bed, 1,362; grade, - < _ 

Ore Junction of Mesabi Mountain branch, : 2 
Summit, natural surface and grade, — - - : - 
Depression and culvert, bed, 1,302; grade, : 

Creek, bed, 1,396; grade, - - - - 

End of grade, - : - . : 

Mountain Iron, - - 2 : . s ‘ 


Part of Biwatbtkhk branch. 


Iron Junction, ‘ ‘ - é 
Summit,.cut 6 feet: grade, - 
In see. 4, T. 57 17, north of the west aha of (idee Island ie: 


[The profile ended here. Jones, Weimar, etc., are stations on this line to 


Biwabik, and should be added.] 


Mesabt Mountain branch. 


Ore Junction, — - : zt 
Summit, cut 2 feet; sine : 
Virginia (end of this branch), - s : 4 


(The iron mines, a mile distant to the east, are about 100 feet above 


Virginia. | 


Duluth, Mississippt and Northern ratlroad. 


(Taken from the profiles by Warren Upham.] 


South end of the road, on the Mississippi river, - - 
Swan river, water, 1,226; grade, _ - - 


Highest level hetween the two crossings of Swan river; highest suvtndes 


1,276; grade, - - - z < 2 : 
Swan river, water, 1,252; grade, — - : : : 
Swan River station, : 


Creek, bed (D. & W. crossing), 1, 308; souk adits of S. E. 1g 9 sec. 28, T. D3-22, 


North part of sec. 16, T. 54-22, é : : : 

Natural surface, 1,468; grade, - : : 

Natural surface, S. W. 14 sec. 35, T. 55-22, 1,466: grade, - 

Grade, : : : 

Creek, bed, 1,391: senda : ‘ 2 

Creek, bed, 1,360; grade, : : 

Creek, bed, 1,350; grade, — - : : : 

Creek, bed, 1,338; grade, 2 : 

Creek, bed, 1,336; grade, — - 23. « : 

Creek, bed, 1,339; grade, - - 

Sand creek, bed, 1,367; grade (probably N. E ly sec. 31, T. 56 

Grade, - - i ‘ . . 

Summit, in south edge of section 34, ; : p 

Creek, bed, 1,482; - z : . 

Creek, bed, 1,48); — - : 

Summit, natural surface, 1,523. - : . 4 

Creek, bed, 1,498, — - s . 

Kelly lake, water, 1.499; grade (S. W. cor. sec. 15), 
Grade is nearly level from 32.1 miles to 32.7 miles. 

Creek, bed, 1.502, : : 2 r : F 

Owen lake, water, 1.503; grade (section 10), - : 

Creek, bed, 1,504; grade (section 10), = 

Top of steep ascent from south, natural surface, 1,559; grade, 

Creek, bed, 1.554; - 4 E 2 . 

North line section 3, natural surface, 1,562, — - - - 


21), 


87.0 
87.8 


Miles from 
Mississippi river. 


0.0 
0.5 


3.0 

3.5 

6.7 
10.0 
12.8 
15.6 
15.7 
16.6 
17.2 
18.7 
19.3 
19.9 
21.0 
22.6 
23.2 
29.0 
29.3 
30.0 
30.2 
31.4 
31.9 
32.3 


33.0 
33.7 
34.0 
34.6 
39.0 
35.3 


Feet above 


sea level. 
1,242 
1,241 


1,271 
1,961 
1,293 
1,315 
1,418 
1,455 
1,456 
1,417 
1,405 
1,369 
1,366 
1,345 
1,347 
1,349 
1,376 
1,417 
1,509 
1,486 
1,491 
1,516 
1,503 
1,505 


1,506 
1,510 
1,514 
1,555 
1,558 
1,563 


Nots.—From Kelly lake northward the elevations here given are on the branch running through secs. 10 and 8, T. 57-21. 
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Elevations of lakes. 
Feet. 


Crooked creek, on the international boundary, : ‘ . : : 1,251 
Iron lake, - - : - . ; ee oe ; : : - - 1,225 
- Lac Ja Croix, on the international boundary, - - : : : : 1,190 
Loon lake, - , : ; ; 5 - = 1,161 
Crane, Sand Points and Namekan lakes, on the international Hounducy, - 1,121-1,120 
Rainy lake, low and high water, 1,106-1,111; on the international boundary, : d 1,111 
Embarras lakes (series extending about twelve miles), : : : J 1,380-1,353 
Vermilion lake, — - : : : : : . ; : 1,357 -1,360 
Trout lake, north of Vermilion lake, - 2 : : : : ; 7 1,370 
Burntside lake, : - - - - - - - - : 1,370 
Long lake, - é - - - ; . - - - 1,337 
Fan lake, - - - : - - - - - - - . 1,313 
Garden lake, _ - - - - - - . - - - . : 1,384 
Farm lake, - - - - - - - - - - - - 1,386 
White Iron lake, - - . - - - - ef %& . : 1,395 
Birch lake, - - - - - - - - - - - 1,410 
Seven Beaver lake, _ - . . . - - - . . : : 1,675 
St. Louis river and its tributaries, 
Feet. 
Embarras river, at the bridge of the Duluth and Iron Range railroad, —_ - - 1,410 
Lakes of this river, extending in a series about twelve miles, where it passes through the 
Giant’s range, - . - - - - - : - 1380-1353 
Cloquet river, at the bridge of ais Duluth and Iron Range railroad - - 1,479 
Small lakes forming the head of the St. Louis river in the west part of T. 59-11, shout : 1,685 
Expansion of this river in Seven Beaver lake, - - - - - - - 1,675 
St. Louis river at the bridge of the Duluth and Iron Range railroad, — - - - - 1,584 
St. Louis river at the bridge of the Duluth, Mesabi and Northern railroad, : - 1,300 
St. Louis river at the mouth of the Flood wood river, : : 2  ¢ ‘ : 1,2: 
Hills in northern part of St. Louts county. 
Highest land in St. Louis county, in secs. 26 and 28, T. 59-17, northeast from ee respec- Feet. 
tively, about = : - - - 2,025 2,150 
Summits of the Giant's range, T. 59 16, a ata miles dou of Biwahik. : . 1,800 -1,900 
Summits of the Giant’s range near Hinsdale, — - - - . - - - 1,850-1,950 
South ridge, at Tower, about 2 : : , : : - Z z 1,560 
North ridge, at Tower, about : : - - : - : - 1,600 
Chester peak, two and a half miles east of Tower, about - - : - 1,650 
Grandmother hill, sec. 8, T. 57-13, about : : - - - 1,775 
Highest point on the Duluth and Iron Range railroad, summit of the Mesabi range, one mile 
north of Highland, - - - - - - - - - - - 1,744 


General topographic divisions and the drift. From the foregoing may be 
derived three general subdivisions of the area of this plate, viz.: (1) That part which 
is prominently characterized by bare rock and hght drift. This area lies to the north 
and east of the Vermilion moraine; (2) That part which is characterized chietly by 
‘coarse glacial gravels, with only occasional areas of till, and little or no rock 
exposure. This area lies between the Vermilion moraine and the Giant's range; (3) 
That part which lies south of the Giant’s range, divisible into, (a) The till-covered 
portion, and (b) The muskeg. 

These grand divisions have not always definite and abrupt limitations, but they 
are remarkably different when fairly established, each in its own area. 

The Grant's range is the most striking topographic feature of the area repre- 
sented by plate 67. It crosses the county entirely from east-northeast to west-south- 
west. The hills are mainly smooth in their sky-contour, and are quite conspicuous 
either from the lower land to the north or fromthe gabbro range (the Mesabi range) 


932 THE GEOLOGY OF MINNESOTA. 
. (General topography. Drift. 


which rises to about the same hight, about three miles to the south, where crossed 
by the Duluth and Iron Range railroad. The extreme hights are somewhat over 
2,000 feet above the sea, and from 400 to 500) feet aboye the general level. At Birch 
lake these two hill ranges unite. Southwestwardly from that point the Mesabi 
range diverges from the Giant's range, passing to Duluth, but the Mesabi ‘ron range, 
as known, follows the southern slopes of the Giant's range to the Mississippi river. 
The earliest development of the Mesabi ore was in immediate connection with the 
Mesabi range proper, and hence the name Mesul: iron range. At the present time 
the principal developments are near the Giant's range, many miles west of the point 
of their separation. 

The first division above (1) is rocky and might in some places be styled moun- 
tuinous. It is a well known feature of northern Minnesota, and was described by 
Nicollet as the “region of rocks and water,” the lakes being connected by streams 
that run from rock-basin to rock-basin, overflowing one little valley after another, 
without perceptible gorge erosion. The waters are clear and abound in fish that 
frequent the northern latitudes, and the lakes are usually deep. The rocks are 
fresh, as 1f,after powerful abrasion, the glacier had retired from them rapidly, leaving 
very little drift. In the Vermilion valley, and indeed, so far as known, in nearly all 
of the vallevs, northward sloping, is a scant deposit of fine clay, evidently the result 
of lacustrine deposition. This probably was originally formed over the rocky region 
when a glacier-dammed lake occupied it after the glacier began its retreat, but before 
it had uncovered the Rainy river outlet. It has generally been washed down from 
the hills into the valleys, and gives rise to occasional narrow swampy borders along 
the streams and lakes. The existence of the glacier margin at the place where the 
Vermilion moraine now lies is beheved to have been contemporary with the highest 
stage of lake Agassiz, since the deposits of that lake reach eastward as far as the 
outlet. of Rainy lake, where also this moraine crosses the Rainy River valley. There 
is a very marked change in the aspect of the country in passing from this rocky and 
forbidding area into that next to the west and south. This is apparent in the topog- 
raphy and in the vegetation, and at Koochiching falls it has been remarked by 
many travelers. Glacial striae everywhere have a direction at right angles to the 
direction of the moraine. They are abundant and fresh. -This conjunction of con- 
trasted topography appears in Itasca county,* and it also runs further east with 
equal distinctness. 

The Vermilion moraine, while sometimes quite characteristic, is not a large 
one. Indeed in some places it 1s only evinced by the general smoothness that super- 
venes, accompanied by the infrequency of rock outcrops. But the country to the 
westward is deeply buried under drift. How great a proportion of this may be of 


* See plate 665. 
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till cannot be stated with any certainty, but it has been observed in several places 
that it extends but a short distance toward the southwest, and is replaced by 
‘ copious deposits of gravel and sand which sometimes are rough and even hilly, and 
in other places are rather flat. Still further from the moraine the surface is flat 
and frequently swampy. Indeed this flatness is like that characteristic of the area 
of lake Agassiz, although the area of lake Agassiz is, so far as known, easily separ- 
able from the area which was not covered by that lake. This flat area of glacial 
gravel and sand lies higher than the flat area of lake Agassiz, which is apt to be 
clayey. Still, it remains yet to trace out carefully the area of lake Agassiz, in this 
part of the state, and to distinguish it from the plains of gravel and sand. It 1s 
not supposed that its water covered any portion of the area represented by this 
plate.* 

The area (2) which runs to a point at the west end of Birch lake hes between 
two moraines, which converge and blend in one at that point. Such a situation, it 
can be seen, would be the scene of conflict and complication in the resultant drift 
sheet. While comparatively little is known of the drift in this area, derived from 
observation by the members of the survey, yet all the information at hand, as well 
as the general descriptive notes of the United States surveyors, warrants the con- 
clusion that in general this region is covered by modified drift derived from the 
morainic areas that le alongside of it, and at a date contemporary with the accu- 
mulation of those moraines. 
| It % probable, from general considerations, that the southern moraine was de- 
posited later than the northern one,t being a marginal moraine of the lake Superior 
ice-lobe, which survived as a tongue from the continental ice-sheet long after the 
general withdrawal of the ice about the western end of the lake. According to Mr. 
Upham two continental moraines, which antedated the Vermilion moraine, coalesce 
In crossing St. Louis county, running approximately coincident with the Ciant’s 
range. But it is also possible, if not probable, that one of these, which would be the 
later one, was due to the lake Superior ice-lobe. Indeed there are certain alterna- 
tions and superpositions of southern drift on northern, in the vicinity of the 
Biwabik mine, as well as further eastward, as described by Upham,t and as remarked 
by the writer about Birch lake,§ and in the valley of the Dunka river, that go to 


*See the report on Itasca county, plate 65. 

In reference to the location of the Vermilion moraine east from Vermilion lake, it should be added that Mr. Upham and 
Mr. Elftman are disposed to introduce a change in its direction and continue it northeastwardly, about parallel with the strike 
of the rocks between Tower and Ely. There is a noticeable amount of drift at Ely, and for a few miles westward, and also south- 
eastward from Ely, which probably was the cause of the supposed extension of the Vermilion moraine to Ely and past the north 
end of White Iron lake. By the writer, however, these accumulatious are referred to a later date when there was another 
temporary halt in the retreat of the ice-border. This subemorainic tract probably has its concave inner side turned more toward 
the east than the Vermilion moraine. 

The prominent hill-range, seen south from Ely, consists essentially of a ridge of greenstone, and toward the west and 
southwest the drift is quite scant, the rocky structure being pronounced, as already mentioned, characteristic of the intra-Ver- 
milion moraine surfaces. 

¢ Compare the description of the Carlton county plate, No. 56. 

t Twenty-Second Annual Report, p. 44. 

$ Sixteenth Annual Report, p. 310. 
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show an extensive movement from the east or southeast after the formation of the 
continental drift-sheet. Ifa northern continental ice-margin lay here long enough 
to accumulate a moraine, it was necessarily much disturbed by the later movement 
from the lake Superior ice-lobe, and so wrought over that the present morainic 
ridge should be attributed to the later action, and should not bear the name of any 
earlier continental moraine. With that understanding, the term Mesabi moraine* 
might be continued, but it would obviously not be possible to carry it across the 
northern part of the state. On the other hand it would be found to shape itself 
somewhat as an appendage to the topographic outlines of the lake Superior basin, 
being the earliest of the independent moraines of that ice-lobe, but its southwest- 
ward extension and its connections with contemporary moraines further west and 
east are unknown. 

There are morainic accumulations in considerable abundance about the north 
end of White Iron lake, which extend eastward past the north side of Farm lake, 
indicating a continuous morainic belt. It is probable that this is a later moraine 
than the Vermilion moraine. The eastward retreat of the ice-border was more rapid 
apparently at this latitude than at points further south, and faster than the north- 
ward retreat; and hence the later moraines are not concentric with the earlier. 
This is a subordinate ridge. It 1s probably crossed by the Portage trail from Long 
lake to Fall lake. Its further northwestward extension is unknown. 

The area (3) is characterized by heavy drift, but in very diverse conditions. The 
till-covered portion (a) of this area includes roughly the eastern half of it. Through- 
out this tract there 1s much northern drift, referable to the Giant’s range and to the 
country still farther north, but it also has a considerable amount of drift derived 
from the southeast and from the east. It is in general a more hilly country than 
the country to the west further, although there are some areas of considerable size 
that are flat, and covered with a muskeg similar to that which covers the western 
half of this area. This country is drained southwestwardly by a succession of north- 
east-southwest valleys and low ridges outlined in the drift. It is highly probable 
that this trend is given to the minor topography by a similar series of ridges and 
valleys wrought in the underlying rocks. Itis a topography which enters the state 
with the Animikie in the northeast, where the rocks are not buried under a drift- 
sheet, and it seems to express itself on the final contours of the drift-sheet where the 
rocks are covered. This is complicated by a more or less irregular series of dikes and 
sills of the gabbro which permeates the Animikie from Pigeon point to Duluth; but, 
notwithstanding both the gabbro and the drift, the original rock surface is imper- 
fectly outlined still by the little ridges and valleys which lie in the same direction, 


*The Mesabi moraine actually lies on the rock range known asthe Giant’s range (of granite) and was first noted by the 
writer in crossing it at the Embarras lakes in 1878, Seventh Annual Report, p. 12. 
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wherever the Animikie and the Cabotiam are known to occur. In the area further 
west (b), drained immediately by the St. Louis river, the country is like that, much 
of which is found in the southern part of St. Louis county, viz.: a flat surface covered 
by swamp, locally known in Minnesota as muskeg. Here the trees are stunted or 
wholly wanting, and a vast cranberry marsh extends as far as the eye can discern, 
with interruptions by small knolls where a few spruce trees maintain a stunted 
existence, or even by still higher swells on which are aspens and birches. There is 
a slow, obstructed drainage toward the rivers that wind about in this swamp, and 
thus the water gradually seeps out of the swamp and passes to the St. Louis river. 
The immediate surface, below the swamp and the water, isa fine sand or gravel, or 
occasionally it is of till, This swamp is indicated on the plate by the conventional 
sign, but it must be understood also that there are irregularities that are not 
expressed on the plate. Sometimes the till is covered, furthermore, by a laminated 
fine clay, and occasionally patches of till occur well within the muskeg. Small 
patches of muskeg are found also further north and east, but as the till region is 
approached, the swamps take on a different character, probably because they are 
periodically dried in summer, and they are occupied by more or less of white cedar 
and by tamarack. If these muskeg areas were drained, and the muck removed, there 
would result a fine fertile tract of level land. 

Terraced gravels. At Long lake, and about the southeastern borders of White 
Tron and of Birch lakes are terraces of gravel. The first rises to about 1,475 feet 
above sea level. It is a mere fragment of what was once probably a terrace that 
extended further east and north. The Ely cemetery ison this terrace. On the north 
side of Long lake is a lower terrace, rising only twenty feet above the lake. The ter- 
races of White Iron lake are conspicuous on sections 23 and 26, T. 62-12, where they 
compose isolated plateaux by reason of extensive circum-denudation or “ dissection.” 
Their hight is about 1,500 feet, but reaches an extreme of 1,513 feet. The terrace 
along the south side of Birch lake, seen at Dunka river, rises to about 1,600 feet. 

These terraced gravels are to be attributed to the dammed condition of glacial 
waters in these valleys at the time of the withdrawal of the margin of the ice from 
the Vermilion moraine. 

Kames. About two miles west from Ely a conspicuous ridge of gravel is trace- 
| able, running a little south of west, having the form of a kame, not represented on 

the plate. It probably accumulated about the same time as the terraced gravels 

seen about the southwest end of Long lake, and indicates that the outlet of the 
glacial lake that covered the region was toward the west, passing over the lowest 
notch in the greenstone ridge which lies south from the cemetery. 

The geological structure. Beginning with what may be assumed to be the oldest 
known rocks in this area, we find ourselves at some place in Archean time, repre- 
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sented by a rock which is now gneiss, now mica schist, an old fragmental recast in a 
crystalline mould, but showing still its sedimentary origin, and nowa greenstone, so- 
called, of complex characters, the last being the oldest. The bedded, or sedimetary 
structure of this old gneiss and mica schist 1s very apparent in many places, but 
the details of the geology of those tracts best known are given in the special smaller — 
plates, constructed on a larger scale, included within the area of this plate. The 
granites and schists of this rock series, pierced by eruptives, both acid and basic, 
each having two dates of mtrusion, occupy the most of the area north of the Ver- 
milion moraine, extending along the international boundary from one side to the 
other. An attempt is made on the plate to separate it into two general parts, viz.: 
that which is schist and gneiss and presumed to have been of fragmental ongin, 
and that which is gneiss and granite. and probably of eruptive origin. No effort is 
made to indicate the areas of later basic eruptives, but it may be said in general 
that the basie dikes and bosses are closely associated with the acid intrusives. 
Where the acid granites prevail will generally be found more or less of Archean 


basic dikes. 


Rainy and Kabetogama lakes. Much of Rainy lake is in Itasca county. That portion which lies in 
St. Louis county has a monotonous uniformity of geology, being enclosed on the south shore by mica schist or 
dark gneiss, whose strike is from N. 60° BE. to east and west. This rock also occupies the peninsula which 
separates Rainy lake from Kabetogama lake, except in small areas, as represented on the plate, where granitic 
rock takes its place. Sometimes this mica schist is interbedded with coarse gneiss, and also with more firm 
gneissic rock which is apparently a constituent of the schist. Sometimes this schist has a high dip toward the 
south, or even stands vertical, but occasionally it dips at a low angle, and even lies nearly flat, passing through 
an anticlinal structure. Such an anticline is evident in T. 70-20, where the schists swell upward over a boss of 
granitic rock dipping northwest and southeast. It was first noted here by H. V. Winchell,* and was afterwards 
illustrated by professor A. C. Lawson in his general section,t running across Rainy lake. Indeed it is probably 
true that the schists of the region generally swell over and about the granitic bosses that rise here and there 
and occupy the surface, dipping on all sides away from the massive rocks. Following is the description of 
H. V. Winchell: 

“In the N. BE. 4, N. W. 14 sec. 15, T. 70-20, the schist lies flat in thin lamina or plates. For several rods along 
the water’s edge the flat schist lies piled up six or eight feet above the water, like slabs in a wood pile (No. 193H). 
This continues around the point for some distance, becoming thicker and coarser. From here it goes on to 
S. E. 14 S. W. 1; sec. 10, in a rather confused and disturbed way, now dipping north, now south, and now lying 
flat. This seems to be the middle of an anticline, and in fact the dip soon becomes permanently to the north. 
Beds of gneiss are still seen in the schist, but here they, too, are broken and discontinuous. Around the point 
further beds of schist two and three feet thick dip N. 40° to N. 60°, the strike being N. 80° E. Some of the 
schist here is very rich in garnets (Nos. 194H and 194aH). 

“On the N. E. 14 N. E. 14 sec. 16, and the S. BE. 1,8. E. 14 sec. 9, T. 70-20, the schist is again flat. It 
rises twenty feet above the lake. There isa bed of gneiss which has come up through, with a dip N. 60°; and 
there are other small granite intrusions that lie flat and cut through the gneiss for several rods. In the S. W. 
1,8. E. 14 sec. 9, T. 70 20, is bed of gneiss, three feet thick, that lies on the top of flat beds of schist all the way 
round the point. 

“In the S. W. 17S. W. 14 sec. 9, T. 70-20, the schist is still distorted and contains garnets and considerable 
biotite. The granite intrusions run more irregularly than usual through the schist in this supposed middle of an 
anticlinal. The shores are all much lower here than further east, and are inclined to be marshy. Veins of 
white quartz, two or three feet thick, are common in this locality. 

“The schist in the S. !4 of sec. 7, T. 70-20, has a north dip varying from 60° to 80°. The strike is east. 
It is a little harder here than usual and contains quartz veins and garnets. The bedding is wavy (No. 197H). 

“In the N. E. 14 of N. B. 14 sec. 12, T. 70-21, is the first large bed of gneiss that occurs along here for 
several miles. It embraces several masses of schist. It is porphyritic and quite gneissic, and contains much 
peculiar green mica, especially mear the contact with the schists. It also contains a few garnets, and has quartz 


veins penetrating it. The schist near it has a strike N. 80°, and a low dip to the north (Nos. 198H and 198aH). 


* Sizteenth Annual Report, p. 42L 
+ Report on the Rainy Lake district, Rainy Lake sheet. Canadian Geol. Survey, Montreal, 1888. 
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“In the N. BE. 14 N. W. 14 sec. 12, T. 70-21, the schist rises about thirty-five feet above the lake. It strikes 
N. 70° E. Long, grayish-blue crystals of cyanite are found in some quartzose veins near the water’s edge. Some 
of the blades of this mineral are six inches long (No. 199H).” 

Further descriptions of the geology of the region by the same observer are as follows: 

“The schist in the S. E. 14 of S. W. 14 sec. 1, T. 70-21, contains many quartzose beds and one or two veins 
of quartz. There are numerous garnets in these beds (No. 200H). 

“The walls of schist on the north side of the bay, in sec. 1, T. 70-21, have glacial scratches along the smooth, 
perpendicular sides in all directions, but the majority are nearly horizontal. Sometimes the mark curves around 
a point or corner of the rock and continues on the other side as if the ice conformed to the outlines of the rocky 
surface and walls. 

“The mica schist in the N. E. 4 sec. 6, T. 70-20, is in thick beds that strike N. 70° E. and dip N. 35° to 38°. 
Long, low reefs of this rock run out into the lake, and the shores are low. Few or no granite or gneiss beds are 
to be seen in this region. The schist is exceedingly uniform in the appearance and composition of its strata. 

“The south side of the point in sections 31,32 and 33, T. 71-20, is composed of mica schist in beds of differ- 
ent degrees of hardness and amount of mica, but which have a general sameness of appearance. At the end of 
the point is some porphyritic gneiss in beds running about N. 50° BE. The general strike of the schist is N. 70° E; 
the dip N. 35°. In places there is a Jointage structure that crosses the bedding and divides the schist into angular 
plates and prismatic forms. The south side of this point presents the long beds broken off in a succession of 
rows that resemble walls of masonry slanting a little to the north. The schist on the north side of the point in 
S. E. 14 of N. W. 14 sec. 33, T. 71-20, strikes N. 80° E., and dips N. 52° (No. 201H). Small quartz veins occur in 
it, running with the strike. The mica in some of theschist is in spots, and gives the rock a mottled appearance. 

“No. 203H is hard mica schist from S. W. 14 sec. 29,T. 71-20. It strikes N. 76° E.and dips N. 60°, more or 
less. The schist here has some appearance of being conglomeratic. It is in very thick masses that do not show 
any banded structure, as some of the schist does. A little further west, in the N. W. 14 of S. W. 14 sec. 29, T. 
71-20, there are beds of schist that are hydro-micaceous, and have a wavy structure running with the bedding 
(No. 204H). 

‘Some of the beds in the mica schist in the S. W. 14 of S. E. 14 sec. 26, T. 71-21, are quite siliceous, with 
with finely granular quartz (No. 205H). The beds here are vertical, or have a high dip to the north, and the 
strike is about N. 80° E., but is becoming irregular and broken. No beds of gneiss are seen in the schist here. 
Quartz veins are numerous. 

“On the point in the S. E. 14 of N. W. 4 sec. 35, T. 71-21, the mica schist changes gradually into a rock 
composed principally of augite (?). It has no apparent bedding and is quite massive for a short distance. The 
continuation of it is lost in the water. This change takes place in going across the strike from north to south, 
the strike being about east. Some of this massive rock contains glassy quartz in veins. The schist here is finely 
banded and dips N. 72°. Nos. 206H to 206fH are from this place. 

“The point in the S. W. 14 of N. E. 14 sec. 34, T. 71-21, is composed of evenly-bedded mica schist. Strike 
N. 86° E.; dip N. 74°. There are’ no beds of gneiss here; but quartz veins eight inches to two feet thick, running 
with the bedding, are frequent. These veins are somesimes connected by cross-veins. 

“The schist in the S. W. 14 of the N. W. 14 sec. 34, T. 71-21, contains both mica and hydromica. Strike is 
N. 84° E. Many of the strata have reddish veins of quartz running with the strike and scattered all through the 
bed. The schist is also garnetiferous (No. 2U7H). 

“Some beds in the schist on the point in the S. W. 14 of N. W. 14 sec. 33, T. 71-21, are lighter colored and 
more siliceous than usual. Strike is N. 80° E.; dip is about vertical (No. 208H). The schist in this immediate 
Vicinity is very thin bedded; and where the sheets have fallen over into the lake overlapping each other they 
look like shingles on a roof. These siliceous beds became felsitic in the N. W. 14 of N. E. 14 sec. 32, T. 71-21. 
Strike is N. 74° E., dip S. 60° (No. 209H). 

“No, 210H is a sample of mica schist from the S. E. 14 of N. W. 14 sec. 32, T. 71-21. The beds here are 
about vertical; strike N. 74° E. Quartz veins are numerous, and boulders, of which we have seen very few, if 
any, in the last three townships, are becoming more plentiful. 

“In the N.E. 14 0f N. W. 14 sec. 31, T. 71-21, the schist is cut slightly by a greenstone dike six inches thick. 
The direction of the schist is about E. 10° S., and that of the dike is east, although it curves (No. 211H). This 
is the first greenstone dike seen since coming into this lake from Kabetogama. 

“In the N. E. 14 of N. W. 34 sec. 31, T. 71-21, the schist contains several beds of light color that seem to be 
com posed of small rounded quartz grains, biotite scales and larger scales of some opaque mineral, probably feld- 
spar. The strike here is N. 74° E. The schist is also hydromicaceous. These light colored beds vary from an 
inch to two feet in thickness (Nos. 212H, 212aH and 212bH). In the N. E. 14 sec. 36, T. 71-22, there are more 
of these siliceous beds in the schist; some of them are felsitic and some sericitic.” 

The shores of these lakes are thus further described by H. V. Winchell (Sixteenth Report): 

‘Near the east side of sec. 13, T. 70-22, the schistose gneiss strikes east and dips N. 48°. A good portage of 
about a mile connects Black bay with Kabetogama (the lake that lies along the side). On the portage in sec. 
19, T. 70-21, ridges of gneissoid mica schist are crossed, which trend N. 70° to 80° E. (No. 160H). 

“In the N. W. 14 of S. E. 1, of the same section, mica schist occurs interbedded with coarse gneiss. Strike 
N. 70° E.; dip N. 58°. 

“In the 8. BE. 14 of S. W. 14 sec. 27, T. 70-18, the beds of schist have a dip S. 80°; strike is N. 84° KE. The 
point near the centre of S. W. 14 sec. 27, T. 70-18 is made of perfectly straight parallel beds of schist standing 
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nearly vertical. There are also a few beds of gneiss. Some of the beds have a high dip to the south. No. 176H 
from this place contains green muscovite. 

“ Biotite, muscovite schist is found in N. W. 14 of N. BE. 14 sec. 28, T. 70-18, dipping S. 76°. Strike is east. 
There are narrow beds of gneiss, granite intrusions and quartz veins in the schist here. 

“In the S. E. 14 of S. W. 14 sec. 21, T. 70-18, the schist dips S. 73°. It contains a few thin beds of gneiss. 
Glaciation is N. 40° Ek. Strike is N. 88° E. Boulders are numerous here (No. 178H). A little way north is a 
granite intrusion that cuts the beds of schist considerably. It is four feet thick and contains coarse orthoclase 
and muscovite like the regular beds of gneiss. A few rods further north is another intrusion of granite having a 
general direction N,50° Bb. It is quite coarse and is porphyritic in places. There is a gneissoid structure 
running directly across the intrusion, the minerals and the weathering both showing it plainly (No. 179H). 

“The schists north of this for some distance are not so regular, but are more thickly bedded. They weather 
into irregular lumps and not into thin sheets as usual. There are occasional narrow, winding intrusions of 
yranite about six inches thick, that seem to be filled with muscovite in plates half an inch to an inch in length. 

“In the N. W. !y of S. W. 14 sec. 21, T. 70-18, are numerous intrusions, all having a general trend of N. 50° 
E. to N. 60° BE. They generally have a dip similar to the sehist. They frequently contain large orthoclase 
crystals which have quartz in them, thus forming a graphic granite (No. 180aH). Some of the schist contains 
red beds in which all of the ingredients have a reddish tinge. . 

“Occasionally the intrusions are quite gneissic. No. 182H isa sample from one of them that winds around 
and cuts across the beds of schist, and is finally pinched down from thirty inches to two inches in thickness. 
Some of these intrusions are garnetiferous (No. 183H). There is a small rock island in the S. E. 1g of S. W. 4 
sec. 21, T. 70-18, that seems to form part of a very Jarge granite intrusion. It runs across to the north end of 
the larger island east of it, where it is about seventy feet wide. It trends N.55° BE. It is composed mainly of 
graphic granite, which contains coarse muscovite and garnets and becomes gneissoid in places (No. 184H). 
There are also large and small masses and bunches of silvery or light-greenish quartz and mica in fine grains and 
scales, arranged in fibrous rays. It occurs in considerable quantities in this locality (No, 184aH). Perhaps the 
term ‘greisen’ might be applied to this rock. 

“ Beds of gneiss are seen in S. E. ly sec. 20, T. 70-18, having a very gneissoid appearance and striking N. 60° E. 
They also contain the peculiar masses of quartz and muscovite (No. 186H). 

“Just east of the last the schist is remarkably straight and smooth. Strike is N. 83° E.; dip S. 80°. 

“On the point in the S. E. corner of S. W. 14 of S. W. 14 see. 20, T. 70-18, is a curious example of the way 
in which the granite intrusions cut the schist and twist about in it. 

“The beds of gneiss are quite coarse and contain considerable quartz and muscovite. The orthoclase is 
yellow. The schist about as usual. Strike N. 84° EB. 

“Inthe N. W. 148. E. !4 sec. 19, T. 70-18, are more larye and small beds of gneiss. Some of them conform 
with the strike of the schist here. 
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FIG. 22. GNEISS AND MICA SCHIST CUT BY GRANITE. LAKE KABETOGAMA. 
S. E. '4 see. 81, T. 70-21. 


“The beds of gneiss are quite coarse and contain considerable quartz and muscovite. The orthoclase is 
yellow. The schist about as usual. Strike N. 84° E. 

“In the N. W. 148. E. 14 sec. 19, T. 70-18, are more large and small beds of gneiss. Some of them conform 
with the strike of the schist here. It is a little singular that all the intrusions observed for several miles east of 
here have a general trend N. 60° KE. and the schist N. 80° KE. Here the schist strikes N. 74° E. and dips S. 80°. 
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The beds or intrusions of gneiss still contain considerable quantities of the above mentioned radiated quartz and 
muscovite. About the centre of the west side of S. E. 14 sec. 19, T. 70-18, the strike is N. 75° KE. and the dip is 
64° S. Here are large veins or dikes of coarse pegmatite, which contains immense crystals of pinkish feldspar 
intergrown with quartz to make a graphic granite. One crystal measured was thirty-three inches long, and 
many were seen over twelve inches. (Grant). 

“At this place is a bed of gneiss that cuts across the schist for some distance, then comes into conformity 
with it and all atonce splits up into thin beds an inch or two thick and becomes lost in the schist. It was over 
two feet wide at the start and maintained its thickness until it divided. These intrusions or beds of gneiss- -for 
either name seems to fit at times frequently enclose long strips of schist which sometimes maintain their usual 
strike and sometimes take that of the surrounding and enclosing rock. 

“Sometimes the gneiss laps over and lies upon the edge of a good many beds of schist as if it had been 
squeezed up and out, and had flowed over. Most of it is porphyritic. 

“In the S. W 14 of S. W. 14 sec. 19, T. 70-18, the schist occurs in beds, which average about two feet thick 
and strike N. 74° B. with a dip S. 82°. It is uniform and regular. There are large intrusions of granite running 
through it, N. 40° E. Part of the west side of a bluff has fallen into the lake and left a fresh break showing 
graphic granite containing muscovite. Kach individual crystal of orthoclase seems to contain quartz grains 
running in the same direction through it according to some cleavage, or other natural tendency in the feldspar. 
Two crystals of orthoclase are never seen side by side with the quartz running the same way in both; but ineach 
individual, however large, the quartz “ characters” are all parallel or at right angles to each other (No. 187H). 

“In the S. E. 14 sec. 24, T. 70-19, the schist rises in bluffs twenty-five feet above the lake. There is also 
much gneiss here. Some of it contains large quantities of immense biotite scales. The strike of the schist here 
is N. 74° E., dip is S. 74°. The schist here is regular and uninterrupted, in perfectly even, thick beds for one 
hundred feet at a time. 

“The point at the south line of 8. E. 14 sec. 23, T. 70-19, is composed of gneiss containing much of the quartz 
and mica masses and vraphic granite. No. 188H is from a mass of the former two féet long. 

“The N. BE. 14 of N. E. 14 see. 27, T. 70-19, is composed of mica schist, with a strike N. 76° E., and dip S. 80°, 
and large beds of gneiss. A little east of here the straight walls of mica schist, and, in one place, of gneiss, rise up 
thirty feet from the water’s edge, covered with muss and lichens. The treea are mostly a thick growth of small 
spruce and Jack pine. 

“The point in the S. W. 14 of sec. 23, T. 70-19, is composed of mica schist and gneiss. The latter is full of 
radiated masses of quartz and mica in fine, glistening scales. It seems to have been pushed over the beds of 
schist in a plastic condition and to have a sort of horizontal gneissoid structure. It is quite coarse, and is 
porphyritic in places. The strike of the schist is N. 84° E. 

“Pine-grained patches are often seen in these intrusions or beds of gneiss. The fine parts are often por- 
phyritic, with perfect orthoclase crystals six to ten inches across. Frequently there are beds of pebbles and 
accumulations of boulders on a point or in some recess where there is a large bed of gneiss. These pebbles 
and boulders are principally of the same rock as that directly beneath and around them, and seem to have been 
formed right there by the action of frost and waves of the lake (No. 190H). 

“The rock in N. W. 14 sec. 20, T. 70-19, is principally mica schist. Strike is N. 70° E. Dip S. 80°, in thick 
beds (No. 191H). There are hard nodules in it, as there are most everywhere, that stand out in knobs and sheets 
and all-sorts of odd shapes on weathered surfaces. It also seems to be cut by hard veins of matter which cross 
themselves and make a net-work of little ridges on the weathered surfaces. They do not seem to have any 
influence on the cleavage of the rock. 

“In the S. E. 14 sec. 19, T. 70-19, there is a bed of chloritic (?) mica schist in the other schist. It is four or 
five feet thick and contains much black mica in scales. It is cut off by an introsion of granite which crosses the 
east end of it, and hidden by the lake on the west. Its general trend is N.80° E.(No.192H). There are hard veins 
running through it that seem to have been gneissoid, but now contain hornblende or chlorite and but little mica. 

“The point of the island in S. E. 14 of N. E. 14 sec. 24, T. 70-20, is composed of garnetiferous gneiss, por- 
phyritic with very large orthoclase, and containing quantities of the masses of mica scales and quartz. grains. 
All of the large orthoclase crystals are peymatitic. 

“The mica schist in the S. W. 14 of N. E. 14 sec. 23, T. 70 20, strikes B. 40°S., dips S. W. 78°, and has 
glacial marks N. 46° E. It isin thick beds, and the mica is biotite. There are beds of porphyritic gneiss here, 
as everywhere in this region, only this hag more of the radiated accumulations of mica and quartz. There is 
often a decidedly gneissic structure in aed beds, but they are generally without it. 

“The schist in the N. E, 14 of 8. E. 14 sec.16, T. 70-20, is quite thick-bedded in nearly vertical strata. Strike 
N. 80° E. There are but few granite inteosone in this region, and the shores are lower and frequently covered 
with vegetation down to the water's edge. The lake at this time was unusually high. Streams of water were 
pouring into it on all sides from places where usually there is no stream at all. There was a cascade over each 
bluff, and a roaring little torrent down each ravine. 

“On the portage in sec. 19, T. 70-21, ridges of gneissoid mica schist are crossed which trend N. 70° E. to N. 
80° B. In the N. W. 14 of S. E. 14 sec. 30, T. 70-21, is mica schist mixed with coarse gneiss. Strike is N. 70° E., 
~ dip N. 58°. 

“The small island in the 8. W. 14 of S. E. 14 sec. 30, T. 70-21, is composed of interbedded mica schist and | 
gneiss. The gneiss is quite coarse, is muscovitic and lies in thick beds. It contains also a little biotite 
(No. 161H). 
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“The mica schist in this region is often cut by beds or veins of black mica schist that weathers sooner 
than the rest of the schist. The gneiss contains pyrite and some small crystals of a black mineral like tour- 
maline. It also contains irregular patches of the schist. 

“The point in the N. E. 14 sec. 31, T. 70-21, is composed of interbedded gneiss and mica schist. The gneiss 
is often very coarse, containing mica crystals four inches long, and orthoclase six inches across (No. 165H). 
Both schist and gneiss are cut by intrusions of granite running in all directions. The general strike is N. 70° E., 
dip N. 45° to 50°. 

“The S. E. 14 of sec. 31, T. 70-21, contains a point nearly bare of vegetation, composed of rounded knobs 
of gneiss and mica schist, cut by granite intrusions. Some of the orthoclase crystals in the gneiss measure ten 
inches in length. The strike of the gneiss and schist is N. 80° E. The following diagram shows how the granite 
cuts the mica schist. 
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FIG. 23. MICA SCHIST CUT BY GRANITE, RAINY LAKE. 
8. W. 4 sec. WD, T. 70-18. 


“In the N. E. 14 of N. W. 14 sec. 6, T. 69-21, is a bold blutf of gneiss, containing some mica schist. It is 
pegmatitic also (No. 162 H). The gneiss is very coarse, and contains large crystals of muscovite. It is a little 
peculiar that the mica schist, which is found in patches all through this gneiss, contains chiefly biotite mica, 
while the gneiss contains muscovite. There is some muscovite, however, in the schist, and a little biotite in 
the gneiss (No. 163H). The graphic granite here seems to be crystals of orthoclase, two feet or more in length, 
containing quartz. The surface of cach mass of feldspar has one common cleavage, and reflects the sun as if it 
were one flat surface. | 

“Mica schist and gneiss are seen in the N. E. 1; of N. W. 34 sec. 8, T. 69-21. Strike is N. 80° E. There 
geems to be a tendency in all of this gneiss for the different constituents to separate from each other, and to 
collect as much as possible by themselves. 

“Gneiss and schist are found in the N. E. 14 of the N. W. 14 sec. 17, T. 69-21. Strike is N. 80° E. Dip is 
north, at a high angle. When the beds of gneiss are thin the crystals are smaller than in the thick beds. 

«“ Where the line between secs. 20 and 21, T. 69-21, crosses the shore-line there is a round hill of gneiss and 
mica schist that rises at least fifty feet above the lake. The feldspar weathers white on the surface, and makes 
the rock quite dazzling in the sun. There is less mica in the gneiss here; but the beds and included masses of 
mica schist are quite common. The strike is N. 70° to N. 80° E.; dip still to the north. No boulders are seen at 
the west end of this lake. 

“Gneiss and mica schist, with an east and west strike and a dip N. 16° to 30°, occurs in the N. E. 14 of N. 
W. 14 sec. 27, T. 69-21. A few boulders lie along the shore here; but no drift covers the rock hills. Mountain 
ash trees are first noticed at this place. 

“In the S. W. 14 sec. 25, T. 69-21, the gneiss and schist still have a low north dip, 15° to 30°. The gneiss is 
sometimes porphyritic, and contains very black biotite (No. 164H). 

“In the N. W. 34 of N. W. 1, sec. 30, T. 69 20, gneiss and mica schist occur in interbedded, thin, wavy or 
folded strata. Strike is E. 50° S. to E. 80° S., and with a low dip of less than 45° to the east. The character of 
the rock remains unchanged for a long distance east of here. It is always gneiss and mica schist in more or less 
distorted beds. Much of the gneiss is porphyritic, and contains large scales of both biotite and muscovite. The 
quartz is often chalcedonic. Most all of the large orthoclase crystals contain quartz, being thus pegmatitic. 
The beds become too much bent and twisted for any general strike or dip to be noted. The country 1s more 
wooded and hilly, and the rock comes down close to the water in perpendicular bluffs, over twenty-five feet high. 

“There is such a mixture in the rocks that beds of any considerable length are not to be seen. Masses 
round, square, oblong, irregular, thin, thick, and in fact all shapes and sizes of mica schist, are seen in the gneiss 
where the gneiss predominates, and of gneiss in the schist where the schist is the main rock. 
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“Sometimes the strata lie in wavy, horizontal beds, and sometimes they stand nearly vertical. The gneiss 
is frequently porphyritic, and occasionally rock that approximates mica schist rather than gneiss is porphyritic, 
with feldspar crystals two or three inches long. The trees are Norway pine, white pine, Bank’s pine, spruce, 
balsam fir, birch, aspen, great-toothed poplar, mountain ash, white cedar, willow, ash and elm. 

“In the N. E. 14 sec. 30, T. 69-19, there are beds of schist and gneiss that seem to be more regular, and have 
the usual strike and high dip to the north. The country through here is much wilder than that farther west. 
There is considerable good pine on the shores of the lake. The rock hills generally rise to a hight of fifty feet or 
more above the lake. 

“Mr. Trussell examined the north shore of Kabetogama, through T. 69-20, up to Namekan, in T. 69-19. 
The formation is all the same— gneiss and mica schist in irregular beds. One specimen from the north side con- 
taining much biotite is No. 166H.” 

Namekan lake. This lake is thus described by H. V. Winchell: “The west end of Namekan lake is very 
beautiful. There are numerous points and islands, all heavily wooded down to the water’s edge. The hills rise 
higher, too, in this region, and the bluffs have a bolder aspect. The rock is the usual gneiss and mica schist, the 
latter generally quite soft and crumbling, so that the gneiss is the rock that is most seen in all exposures. 

“In the S. BE. 14 of S. W. 14 sec. 26, T. 69-19, the gneiss and schist rise seventy-five feet in perpendicular 
bluffs, from which many large pieces have fallen down into the lake and left overhanging crags that have quite a 
picturesque appearance. There are pine and spruce trees growing in every available crack and crevice of the 
solid rock. 

“Inthe S. W. 14 of S. W. 14 sec. 28, T. 69-19, the rock is more gneissoid than usual, and contains but little 
schist. It rises twenty-five to fifty feet above the lake on the islands and points in this locality. It is cut and 
re-cut by granite intrusions, but no trap or dioryte dikes are seen on this lake (Nos. 167H and 168H). The strike 
in N. W. 14 of S. E. 14 sec. 30, T. 69-18, is E. 70° S.; dip E. 45° to 60°. 

“In the S. BE. 14 of S. W. 14 sec. 28, T. 69-18, the strike is more regular and has returned to its general 
direction, N. 70° to N. 80° E., with a high dip north. Many mica schist beds occur in the gneiss, and serve to show 
the strike and dip better than the gneiss does. 

“The gneiss in the S. W."14 sec. 26, T. 69-18, is fine and red, and contains very few beds of mica schist. 
There is a coarse, schistose structure running E. 60° S. (No. 169H). 

“In the N. W. 14 sec. 31, T. 69-17, the rock is almost pure mica schist. There are a few beds of gneiss, 
but the rock is largely schist, in thin, straight beds. Some of the strata are nearly horizontal, and some dip 60° 
or more to the east. The flat beds are folded and bent considerably. 

“In the S. W. 14 sec. 28, T. 69-17, the gneiss begins to appear again in thick beds, but the schist still pre- 
dominates. The strike of the gneiss is about east and west, with a dip N. 40°. 

“On the west side of the island, in the S. E. 14 of N. W. 14 sec. 29, T. 69 17, is a bed or dike of dioryte 
about twenty feet thick (No. 170H). . 

“The channel of the stream which flows from Sand Points lake into Namekan lake is one of the most pic- 
turesque spots seen in this region. The stream is deep and narrow, and runs between rugged blutfs of mica 
schjst. The hills are covered with pine and the rocks with a luxuriant growth of lichens. The rocky walls are 
almost continuous enough to deserve the name of ‘dalles.’ They are all of mica schist having a general strike 
about east and west, and dipping about N. 45°. There are occasional beds of gneiss and veins of quartz. 

“The rock on the island in the S. E. 14 of N. W. 14 sec. 21,-T. 69-18, is gneiss and mica schist. The 
gneiss is fine grained, and contains irregular masses of schist. It is only slightly foliated (No. 171H). 

“The entrance to Rainy lake is quite intricate, and is hard to find, as well as hard to keep when found. 
The plats do not follow the regular canoe route for the boundary, but take the north channel between Namekan 
and Rainy lakes, where a canoe seldom goes, because of the longer portage. 

“There are two channels between these lakes, enclosing an island. The southern one has a chute of about 
bine feet, over mica schist. There is a good portage of about two hundred paces on the south side. 

“The rock in this region is mica schist, with beds of gneiss. It is quite regular in bedding, strike and 
dip. Strike is N. 80° E., dip about N. 80°. The beds of gneiss are quite generally in conformity with the schist, 
but sometimes cut it a little (No. 172H). 

“The north fall is about the same hight in one chute as the south fall. It is over fine, hard, brittle mica 
schist (No. 173H). This descent is known as Kettle falls. The schist is very evenly bedded, and stands nearly 
on edge. Strike is N. 84° E., dip N. 85°. The gneiss beds are very uniform, and are conformable with the 
schist. It is generally coarse, and contains garnets. Some of it, however, is quite fine, and shows the gneissic 
structure well. The mica in the schist is mostly biotite; that in the gneiss is muscovite. Some of the schist is 
hydromicaceous (No. 175H).” 

The rock here presents a distinctly bedded appearance, due to what certainly appears to be sedimenta- 
tion. A thin section of this rock (No. 1024G) shows that it is composed principally of quartz and biotite. Some 
secondary plagioclases appear much like quartz, being clear and glassy, in a manner quite similar to the sec- 
ondary plagioclases of the schists about Vermilion lake (compare the Vermilion lake plate). 

Sand Points lake. Mr. Grant made casual geological examination of the west side of this lake, and 
found it all occupied by the same granite or granitoid gneiss as occurs along the south shore of Namekan lake, 
excepting a small area in sec. 36, T. 68-17. The north-projecting point, N. W. !4 sec. 36, is composed of granite 
and biotite gneiss. The granite cuts the gneiss in many directions. In places are large veins of very coarse, 
pinkish feldspar and quartz, often in the form of graphic granite. This granite is similar to that which pre- 
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vails eastwardly from this place, being as a rule medium-grained, and pinkish, with considerable biotite, with 
hornblende only in small amount. The area of mica schist which is represented by the Canadian report and 
map by Dr. A. C. Lawson as lying next east of Sand Points lake only appears, on the west of the international 
boundary, in a small area in sec. 36, T. 68-17, in the southeastern quarter of the section. 

Between Sand Points and Namekan lakes is a current, but the descent is less than six inches. There is 
also a slight current between Sand Points and Crane lakes, the latter being two or three inches above the former. 

Crane lake.* Granitoid gneiss prevails along the west shore of this lake, without regular strike, and with 
no marked biotitic banding. 

Vermilion river. This river is broad and steady from Crane lake to near the centre of sec. 22, T. 67-17, 
where rapids occur, over gneiss which strikes N. 80° E., with adipS. 75°. This gneiss is variously mixed with mica 
schist and cut by granite. These rapids extend for more than half a mile, necessitating a portage of 1,450 paces. 
The ascent is forty-five feet as ascertained in the field by aneroid. At the upper end of the rapids the rock is 
granite, which continues to the point where the river crosses the section line between secs. 20 and 21, T. 67-17, 
where gneiss returns. ‘This becomes somewhat schistose, with more mica, the same then being cut by intrusions 
of gtanite. A short rapids and a further ascent of eight inches are in N. E. !4 sec. 20, T. 67-17, and another with 
an ascent of nine inches near the southwest corner of section 20. At the section corner is a rapid with an 
ascent of six and a half feet. The rock at both these places is gneiss, with a dip E.-S. E. 40° to 50°, the portage 
being 250 paces. Another rapid is near the centre of the N. E. 14 of sec. 30, over gneiss (see plate T), with an 
ascent of twenty-one feet, and a portage of 200 paces. Gneiss continues thence through section 36, and into 
sections 35 and 34, having a dip about 45° toward the north. In secs. 2 and 3, T. 66-18, the river flows through 
a large rice swamp, with the gneiss exposed at several points on the right bank in section 2. The river is steady 
through sections 11, 10 and 15, except that a rapid spot, having about a foot ascent, occurs where the 
river passes from section 10 to section 15. A portage, however, is usually made in ascending, about three- 
fourths of a mile, in section 14, leading to N. BE. 14 of sec. 23. Just north of the centre of section 24 
is a water-fall of nine feet, requiring a portage of 3) paces. The rock south from this fall continues gneiss. 
Through sections 23 and 24 the stream is narrow, with a decided current, contrasting somewhat with 
character of the stream further north, where the banks are lower, with occasional rice lakes on either side 
and noticeable current mostly confined to the rapid places. Geiss outcrops at intervals through secs. 31 
and 32, T. 66-17, the hill range further north in section 30 consisting apparently of granite. 

Through T. 65-17 (not yet subdivided) the Vermilion is a good stream, 50 feet to 150 feet wide, with notice- 
able current, and very few rock exposures. These are of gneiss without regular dip or granitic gneiss. Along the 
long portage leading to the widening of the river in sec. 2, T.64-17, is granite (No. 1056G). Sometimes the granite 
is coarser and sometimes finer than the specimen shows. The banks through T. 65-17 rise near the river from 
two to twenty feet, but the country rises much higher further back. Several smal) drift ridges are cut by the 
river. The banks have very few boulders, and are made of blue to yellow clay, 7. ¢.,a laminated clay. The whole 
valley is good farming land. There is some oak and elm. The town has but little pine, apparently, the forest 
being mainly second growth poplar and birch. 

In T. 64-17 the river widens out into a narrow lake, with low shores, largely swampy. Granite appears 
on the east side in section 24, and this rock continues, so far as can be determined, to the S. E. 148. E. 4 sec. 
25, T. 64-17, where mica schist appears on the west shore, more or Jess cut by intrusive granite. It is also seen 
in the portage trail in section 36, and southward to Vermilion lake, where it constitutes the barrier at the outlet 
of the lake (rock 413 and plate 8). 

Little Vermilion lake and Loon river. From Sand Points lake there is an ascent of about a foot to Little 
Vermilion lake, with a rapid over mica schist. But southward from that point this lake is bounded by granite 
or granitoid gneiss. Southward from sec. 28, T. 67-16, this lake becomes a sinuous and narrow stream, with 
grassy, often marshy, banks, and is known as Loon river as far as to the outlet of Loon lake. There are two 
rapids in Loon river; one is at the crossing of the section line between secs. 2 and 1, in T. 66-16, with a fall of 
six inches, and the other is at the north side of section 1, where the level of the water changes by a fall of four 
feetsixinches. There isa considerable fall (forty feet) over granite, at the outlet of Loonlake. The shores of Loon 
river rise from five feet to twenty-five feet, but higher land occurs toward the south. The banks are thickly 
timbered, with some good pine. It is a good, canoeable stream except in very low water. 

Loon luke. This lake lies in a basin in granite or granitic gneiss, with moderately low shores, though 
frequently rocky. The water level ascends twenty feet from this to Lac la Croix, although only in very high 
stage is there any water passing from one lake to the other. 

Lae la Croix has shores that are frequently rocky with granite, similar to the shores of Loon lake to a point 
as far north as the north side of sec. 8, T. 67-15. Eastward from there the shores are of mica schist, cut by 
numerous dikes of granite. This schist has a prevalent northerly dip, varying from 30° to 50°. This schist also 
includes the northern peninsula of Coleman island, but the southern portion is of granite. The lake has many 
islands. At the eastern extremity of the lake, t. e., where the international boundary line leaves it, the portage 
passes for about half a mile over a granitic tongue (No. 1020G), known as Bottle portage, the water surface rising 
twenty-five feet to a small, nameless, granite-bound lake lying partly in sec. 35, T. 67-13. 

Tron lake, lying toward the southeast further, in time of high water, has a slight discharge into the little 
lake last mentioned, but the volume of the boundary water goes to the east and north of Irving island into 


*The descriptions of Crane lake ani Vermilion river and the international boundary to Crooked lake are based on the 
field notes of Dr. U. 8. Grant. 
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Lac la Croix. At the east end of Iron lake are Curtain falls, where the change of water level, including about 
three feet at the rapids below, amounts to thirty feet, the water passing over granite. The accompanying view 
of these falls is from a photograph made by Dr. Grant in 1894 (plate T, figure 1). These falls furnish the outlet for 
Crooked lake, the level of which is even with their brink. 

Crooked lake also lies in a basin in massive crystalline rock. The course of the international boundary 
was examined in 1887, by Dr. A. Winchell, as far west as Iron lake. The shores are frequently lined by massive 
outcrops of crystalline rock, essentially granitic, which in the background rises into bald knobs, which are often 
red, with the prevalence of reddened feldspar. A specimen from the red granite at Curtain falls affords a thin 
section which contains, along with quartz and mica, both orthoclase and microcline. This is rock No. 286W. 
Although granitic, these rocks have a coarse and irregular bedded structure, and in many cases they would he 
styled gneiss, but not a banded gneiss which could be considered a sedimentary rock crystallized in situ. Near 
the rapids, just below the falls, are many large fragments of mica schist, indicating the near proximity of the 
boundary of the massive rock. These are visible on the Canadian side. Curtain falls are represented on-plate T. 

Net lake, lying mostly in Itasca county, has mostly a swampy coast line, and is shallow. Mica schist out- 
crops sparingly in the midst of the Indian village at the east end of the lake. The same is seen on a small 
island near the village. Here it is interbedded with gneiss and cut by granite dikes, and the whole is cut by a 
large dike of greenstone, containing much magnetite, from which stringers penetrate the other rock. The schist 
strikes N. 58° E. and dips about S. 70°, and the dike runs about north and south. 

Pelican lake bas a shore line of drift materials, with occasional rock outcrops. 

Pink gneiss is found in the N. EK. 14 of S. W. 14 sec. 2, T. 64-20. It grades into mica schist in the im- 
mediate vicinity. The apparent dip here is south, but there is so little continuity in strike or dip that the 
genera) direction cannot be determined (Nos. 306H and 307H). The south side of the point at the same place 
consists of beds of mica schist and gneiss that dip west and strike north and south. The schist is hard and 
fine-grained; the gneiss gray and fine (No. 308H).° . 

The island in the N. E. 14 of S. E. 14 sec. 3, T. 64-20, is composed of gneiss and schist and granite intrusions. 
The schist is both micaceous and hornblendic. The general strike is north and south, with a high dip to the 
west. The surface of the rock presents a most intricate commixture of veins, dikes, beds of schist and gneiss 
and granite intrusions. The last thing to come in was a small dike of greenstone about three inches wide, 
running N. 30° E. It cut all the rest, but has been faulted off two or three feet since, and thus been changed 
in its direction. 

Samples from the dike are No. 309H. It was traced for about three rods. At the same place there isa 
band of greenish rock composed of mica, hornblende, feldspar and perhaps quartz, running through the rock in 
an east and west direction. Streaks or threads of yneiss run all through and across it, and give it a mottled 
appearance. It is about six inches wide, and can be traced in a straight course for five or six rods. It maintains 
about the same thickness during this distance. Where it passes through schist there is generally a line of 
granite to separate it from the schist. Where it cuts gneiss there is no distinct line of separation, but the gneiss 
runs right down into it in the threads spoken of above. The dark parts of this band of rock have a kind of 
schistosity in the direction of the vein. 


FIG. 24. PELICAN LAKE. 


Gn.—Gneiss. §8.—Mica and hornblende schist. 
D. B.—Granite intrusion. D.—Small dike of greenstone. 


The island near the centre of sec. 3, T. 64-20, is composed of the same mixture of gneiss and schist, and 
rises fifty feet above the lake. There are long, smooth beds of rock which is half gneiss, half schist, on the west 
side of the island. These beds strike north and south and dip W. 64°. Much of the schist contains both horn- 
blende and mica, and some of the gneiss is syenyte gneiss. Occasionally dark, hornblendic rock is seen, just as 
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much bedded as the rest and evidently part of the formation, but looking much more like eruptive rock. Some 
of it contains round grains and feldspar that look like amygdules (Nos. 310H and 310aH). 

In the N. E. 14 sec. 12, T. 64-21, the rock is massive gneiss. The only signs of mica schist are a few small 
lenticular masses of it, four to six inches long, which are enclosed in the gneiss. The rock is in low, flat outcrops. 
It contains hornblende and is somewhat porphyritic (No. 311H). It does not exhibit any granite intrusions nor 
other rock cutting it in any way. The same rock appears on the next point to the west, and here contains 
masses of mica schist, twelve to fourteen inches long. It is also more porphyritic, containing orthoclase crystals 
one and a half inches long. 

The point in the N. E. 13 of N. W. 14 sec. 12, T. 64-21, is composed of this same rock. If contains a few 
masses of hardened mica schist two or three feet in diameter. 

(No. 312H)}. This rock is very similar to that which forms the falls at Fort Frances; the points of resem- 
blance being its porpbyritic nature, the presence of hornblende crystals as well as mica, no gneissic structure 
apparent, enclosed masses of mica schist, and position to the west of a disturbed region of gneiss and mica 
schist. It is probably the continuation of the same belt of rock as that at Koochiching falls. Immense, rounded 
pieces of this rock lie on the surface, some of them twenty feet in diameter. 

No. 313H is siliceous gneiss, coarse, granular and white. It occurs in thin beds in the mica schist on a 
point in the N. E. 14 sec. 35, T. 65-20. On one side of it is mica schist with the biotite in round spots. The 
strike of the gneiss and schist here is north and south; dip at a high angle to the west. The gneiss predominates 
and is largely in thick beds. Both gneiss and schist are penetrated by granite intrusions that run for the most 
part east and west. These are very siliceous, contain white orthoclase and have an indistinct gneissic arrange- 
ment of the mica (No. 314H). 

A small island supposed to be about in the S. E. 14 sec. 26, T. 65-20, is composed of gneiss and horn- 
blendic mica schist. Strike is N. 30° E., dip N. W. 75°, more or less. 

The beds of hornblendic mica schist are more decomposed than the rest of the schist. 

One of these beds of schist cuts into the mica schist proper in some of its curves, for it is not quite 
straight, though it follows closely the bedding of the mica schist, and is cut by the same granite intrusions as the 
mica schist (No. 316H). The specimens are from the hardest part of the bed, which is about six inches thick 
and has a gneissic arrangement of the minerals. 

The next point to the northwest, about a quarter ofa mile, is composed of gneiss and schist, the latter 
containing more or less hornblende all through it. The strike varies from N. 30° E. to N. 50° E. There isa 
high dip to the northwest. The schist is dark, hornblendic rock containing vitreous quartz grains and apparently 
but little feldspar (No. 317H). Some of the schist is harder and finer and less schistose than the samples. Much 
of it contains tine particles of pyrites. 

The extremity of the point consists almost wholly of gneiss enclosing large masses of schist. Some of the 
gneiss is quite coarse, containing feldspar crystals over two inches long. Much of it looks like the coarse gneiss 
seen on Rainy lake, and some of it is pegmatitic. The finer gneiss contains hornblende as well as mica. 

On one point in sec. 26, T. 65-20, the gneiss contains pockets of amphibolyte (?). They are round or 
irregularly shaped masses that have no resemblance to the gneiss and no visible connection with the schist beds 
or any other beds. They are simply enclosed in the gneiss. No sample could be obtained. 

Just across the bay from the last point, to the north, the rock of the point is half way between mica schist 
and gneiss, but looks on the whole more like schist. It contains and lies alongside of beds of hornblendic mica 
schist such as is commonly found imbedded with gneiss in all this region. They are both cut by intrusions of 
granite. Thus we have here, instead of gneiss proper folded around mica schist or squeezed into it in a plastic state, 
mica schist--for it is that rather than anything else --enclosing and interbedded with irregular masses and strata 
of entirely different mica schist (No. 318H). This is somewhere near the N. W. 14 sec. 26, T. 65-20. The general 
strike is about N. 20° E. 

In the bay north of the last is a small rock island composed principally of gneiss. The enclosed mica 
schist is like No. 318H, and not like the more schistose schist with which that is associated. The schist and 
gneiss on this island are cut by an irregular intrusion varying in width from four to ten inches. It is notice- 
able that the intrusions which seem to have been latest and have cut all the rest are generally pinkish or reddish; 
while the bedded gneiss is white or but slightly pinkish, as a rule; though some of it is red rather than pink. 

On this same small island the gneiss that conforms with the beds of schist for a short distance and iscut by the 
granite intrusion mentioned above, in its turn strikes off in a mass two feet and more in thickness, cutting 
through the schist- or at least across the strata— and constituting what might be termed a “dike-bed ” without 
being paradoxical. 

The south side of the smal] island just west of the last is composed for the most part of handsome gray 
gneiss, slightly porphyritic. It is cut by the usual granite intrusions. No. 319H is a sample. 

On the shore of the mainland about 100 paces north of the island the rock rises thirty feet above the lake. 
It is mica schist and syenyte gneiss with granite intrusions. It contains varying amounts of hornblende and 
grades in places from syenyte to a dark, heavy, fine-grained rock almost all hornblende. It seems to contain some 
epidote (No. 320H). 

For some distance along the shore to the west the rock is syenitic gneiss and mica schist. A little farther 
along some immense masses of schist and gneiss stand up in the water near the shore, fifteen feet above the 
surface. They seem to have constituted one enormous boulder, now split and broken into several irregular, 
jagged masses. 
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The large island southwest of the last-mentioned locality presents an appearance similar to that of the 
coarse gneiss at the east end of Rainy lake. It is a mixture of coarse gneiss and mica schist. The schist pre- 
dominates at the southwest end of the island. The strike is N. 20° E., dip W. N. W. 70°. The backbone of 
the island is principally gneiss, containing a little mica and hornblende schist in irregular masses and short beds. 
This gneiss is very siliceous, the coarse, vitreous quartz lying in it in masses several inches across. The feldspar 
is pink or white orthoclase, and is also very coarse, the largest crystals being over six inches long. The mica is 
muscovite; and scales two inches square can be obtained. . 

The gneiss incloses masses of hornblende schist. Samples are No. 321H. The mixture of mica in fine 
scales, and quartz in small grains, such as seen at the east end of Rainy lake, is found here, too. Some of the 
large feldspar crystals here contain quartz arranged in such a way as to form graphic granite. At the northeast 
end of the island there are siliceous beds in the schist containing pyrite, hornblende, malachite, chalcopyrite and 
a greenish-yellow mineral that was not determined (No. 322H). These beds are a foot or two feet wide, and con- 
tinue for some distance, disappearing under the Jake. The coarse gneiss here contains some biotite, as well as 
muscovite. 

On the large point west of here is found the usual mixture of gneiss and mica schist both containing more 
or less hornblende. Strike is N. 35° E. Some of the schist enclosed in the gneiss has been so much changed and 
resembles the gneiss so closely that one is hardly able to discern the outlines of the former schist masses. Much 
of it is exceedingly hornblendic. 

On the hil] north of the point there isa breccia. It is a gneissic schist containing angular masses of horn- 
blendic schist of all sizes up to two or three feet in diameter. Many of them have their longest direction across 
the schist beds. They seem to be much metamorphosed. The breccia also contains pieces of gneiss a foot long. 


FIG. 2. BRECCIA. PELICAN LAKE. 


There are also in this breccia pieces of schist with gneiss running through them. There is a schistose or 
flowage structure running N. 35° E., and conforming somewhat to the shapes of the enclosed masses. This 
breccia extends nearly to the south end of the point. 

The island just west of this point is composed mostly of micaceous, porphyritic syenyte very poor in silica. 
It is massive and contains large irregular masses of mica and hornblende schist and gneiss. It has a contact 
with rocks similar to those enclosed in it, on the east side. The direction of this contact is N. 20° to N. 24° E. 
In some places this rock resembles a coarse breccia, and elsewhere a conglomerate, the faint outline of formerly 
enclosed masses being visible. It has the appearance on the surface of having been heated to a boiling condi- 
tion, and the uneven surface covered with curved lines and half-broken bubbles reminds one of oat-meal when 
cooking. It is cut by one or two narrow granite or rather granulyte intrusions. It also contains a few masses 
red granulyte wholly enclosed in it. When it has been washed and weathered by the lake a schistose structure 
or something similar appears, the rock weathering in wavy lines and sheets, 

The small island nearly a mile west of the last consists of pyritiferous, micaceous, garnetiferous, chloritic (°) 
syenyte gneiss. The rock that lies to the west of this and is similar to the Fort Frances rock grades into this and 
into rock more hornblendic than this. This rock is all laminated in thin sheets having a low dip to the north 
(Nos. 325H and 325aH). 

In sec. 36, T. 65-21, the whole shore, where it is high,is formed of the Fort Frances rock and its variations. 
The main part of it is quite similar to that which forms the falls at Fort Frances, but much of it is similar to No. 
325H. It contains masses of pure, unchanged mica schist ten, twelve, and even forty feet across. This schist is 
cut by granite intrusions and stands for the most part in vertical beds. Some of the mica schist inclusions are 
very much smaller, only six inches wide and two feet long or less. The schist has a very abrupt contact with 
the rock in which it lies. There are also inclosed in this rock numerous rounded and irregular pieces of rock 
quite similar in appearance to the main part of the rock, but generally more hornblendic. The inclusions are 
porphyritic and in other ways have aclose resemblance to the rock which contains them,and yet they are decid- 
edly different and probably were much more so formerly. The granite intrusions may be, and probably are, 
stringers from the main mass of the rock. The mica schist which is contained in this rock has small round 
“geodules" on the surface. They are little geodes having a quartz crust with garnets inside. One inclosed 
mass of schist is cut by a small dike of trap which has a slight schistose structure. 

In the N. E. 14 sec. 35 (?), T. 65-20, the gneiss and mica schist are cut by granite intrusions. Some of 
them are garnetiferous. Tourmaline crystals were found in the gneiss which is interbedded with the schist at 
this point. The rock is mostly fine gneiss. One of the large granite intrusions on the east side of the point 
consists largely of pegmatyte. This looks much like the coarse gneiss seen at Rainy lake. The trend of the 
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graphic granite intrusion is N. 25° E.; width, 6 feet; length of exposure, 150 feet. It contains muscovite crystals 
two and a half inches across (No. 331H). 

In the N. W. 14 sec. 36 (°), T. 65-20, the rock is principally mica schist and interbedded gneiss. Irregular 
masses of a greenish heavy rock, consisting mostly of hornblende, are contained in the gneiss. These masses are 
not over two feet long, and have an abrupt contact with the gneiss. 


In the N. EB. 14 sec. 36 (°), T. 65-20, the rock is principally mica schist containing some very even beds of 
gneiss and cut by granite intrusions running directly across the strata. 
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FIG. 26. BRECCIA. PELICAN LAKE. 


Elbow lake and river, A small stream leaves Elbow lake, and, after tumbling down a winding glen around 
boulders and over solid rock for about a quarter of a mile, becomes a small river with apparent current most 
of the way to Pelican river, into which it flows. This is Elbow river. There is a high ridge of hills south of it, 
and considerable high rocky ground north of it. When any large amount of rock in this region has a uni- 
form strike, it is about east and west. All of the rock around Elbow lake contains more or less hornblende, and 
most of it is decidedly acidic. The south shore of Elbow lake follows the changing strike of the rock quite 
closely. 

Going down Elbow river the first rapids is just at the outlet of the lake. The next is two and a half or 
three miles below. The hills here rise about 200 feet above the river on each side. They are almost bare 
knobs of gneiss containing more or less schist interbedded with it. The hill on the north side of the rapid 
is called Bald mountain. 

The country for a few miles around, as seen from the top of Bald mountain, is rough and hilly, and prob- 
ably all composed of the same formation. There is generally a strip of swamp along the river. The river bed 
is remarkably level for such a hilly country. Elbow river flows into Pelican river about two miles south of the 
east bay of Pelican lake, sec. 18, T. 64-19. Samples of the gneiss from the top of Bald mountain are No. 304H. The 
mica schist from the same place is No. 300H. The gneiss is hornblendic or chloritic, and i is a fine-grained 
siliceous rock with fine veins of light green mineral running through it. 

Burntside lake lies within the “rock and water” area. Its shores are usually composed of bare rock, 
frequently glaciated and rounded into low domes of gneiss and mica schist. Its water, which drains eastward 
through Long lake, is clear and abounds in excellent fish. The lake contains many islands. It is one of the 
most beautiful lakes of Minnesota. “Some day the pleasure seeker will discover the charms of Burntside lake 
to exceed those even of the Thousand islands in the St. Lawrence.’* Plate U, figure 1, represents a view on 
Burntside lake. About this lake are unsurpassed opportunities for studying the nature of the transition from 
the Keewatin to the Coutchiching and to the gneisses, as well as the nature of the granitic intrusions which 
pierce all these. About the west end of the lake are bold bluffs which are essentially composed in the first 
instance of mica schist, but are intersected by later granitic veins, the dip being sometimes toward the north 
60°, or again toward the south 60°. There are alternations of granitic dikes, sometimes forty feet wide, with mica 
schist, the latter being very tine and compact, and apparently derived from a gradual transition from gray- 

wacke. The granitic veins and intrusions havea tendency to conformity with the schists, but they split and swell and 
branch inevery conceivable manner. The granite is mostly with very little mica. The swellings and some of 
the small concretions are coarse granulyte in which quartz is very conspicuous and sometimes almost entirely 


*A. WINCHELL. Fiflecnth Annual Report, p. 27. 
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Fic. 1. View ON BuRNTSIDE LAKE. (p. 246.) 


Fic. 2, VIEW OF THE AGGLOMERATE IN GREENSTONE AT ELy. (p. 255.) 


Dicieasa by Google 


Higihtaad by Google 


NORTH PART OF ST. LOUIS COUNTY. 247 


Elbow lake and river.) 


displaces the orthoclase. In other places the mica schist is so cut up by intruded granite that half the mass is - 
granite. The accompanying sketch (figure 27) represents the relation of the granitic dikes to the schists at N. 
K. 48. E. 14 sec. 21, T. 63-13, at the southern point of the large island. 
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FIG. 2%. RELATIONS OF MICA SCHIST AND GRANITE. BURNTSIDE LAKE. 
Surface 12 feet square. 
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In the regions marked M the schist and granite are intimately mixed. 


On the N. W. 1qN. E. 14 see. 21, T. 63-13, on the same island, the formation is largely taken up with 
intruded granite. There is a distinct tendency of the granite to conform with the schistose structure, but it is 
nowhere exact. It lies in some places in great masses, and is of two kinds, one with reddish orthoclase and one 
with a whitish,—but these do not appear to belong to two systems of injection. In the former feldspar much 
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exceeds the quartz. In neither is mica conspicuous, even when present. Notwithstanding the abundance of 
granite, the mica schist is everywhere distinctly laminated. | 

The granite and schist are mingled, not only through abundance of granite injections, but by much inter- 
penetration on a small scale. Portions of the rock are so ribboned with granitic and schistose ingredients 
irregularly succeeding each other that the rock is literally schisto-granitic. 

The appearance of this area indicates a gradual passage from mica schist into granite, not mineralogically- 
but structurally. The lamination of the schists is often locally bent by the granite. The strike of the schists is 
N. 82° E. (figure 28). 

On the main land, S. W. 148. W. 14 sec. 23, T. 63-13, is a boss of compact mica schist, in places having 
hundreds of veins of epidote crossing it conformably with the lamination; also with many veins of quartz simi- 
larly conformable, and others transverse to the structure. There are also veins of epidote that cross the struc- 
ture. The strike here is N. 63° W., and the dip is southerly. 

There is a rounded point of the mainland on N. W. 4S. W. 14 sec. 23, T. 63-13, on the south side of the lake, 
which consists very largely of a mass of granite, but little schist being discoverable. This is a medium-grained 
biotite granite. This is intersected by two systems of granitic veins. one of which is fine-grained, with little mica, 
and the other a granulyte. Of mica schist the only example found is about two feet wide. It is fine-grained, 
compact and brittle. It forms on two sides a sharp junction with the granite, but is in places penetrated by 
granitic intrusions. It approaches the character of fine gneiss. It runs about sixty feet, visibly, in a direction 
N. 71° E. 

There is a great mass of dark hornblende schist (No. 69W), with considerable feldspar, near the centre of 
S. W. 14 sec. 23, T. 63-13. It is intersected by quartzose veins, mostly conformable with the structure; also by 
a dike of fine light-colored muscovite granite, two and a half feet wide (No. 70W), which runs N. 51° E. The 
schist strikes N. 69° E., standing nearly vertical, but dipping southerly. Adjoining this toward the south the 
rock assumes the character of a syentye gneiss, being, however, still a massive hornblende schist. In this part 
isa granite vein nine inches wide, running with the strike, and having itself, on the weathered surface, structure 
lines parallel with the structure planes of theschist. This vein is faulted twelve inches, and terminates abruptly 
in its eastward extension. It is not a proper granite, but a compact, fine-grained gneiss. 

At the centre of the S. W. 14 sec. 23, T. 63-13, is mica schist intersected by many veins of granite, granulyte 
and quartz. Embraced in the mica schist is a mass of light-colored granulyte surrounded by the schist on all 
sides and embracing fragments of the schist which still retain their laminated structure and their original posi- 
tions, as in the figure below. The granulyte also contains a layer of muscovite hornblende schist. 
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FIG. 29. SCHIST INCLOSING GRANULYTE, ITSELF EMBODYING MICA SCHIST. 
BURNTSIDE LAKE. , 


The rocks of Burntside lake show great variety, both in mineralogical composition and in structure. 
Many petrographic details will be found in vol. v., Petrographic Geology. 

Near the centre of sec. 8, T. 63-12, is a granite, fundamentally hydromica granite of light color, but exten- 
gively intersected by dike-like beds of dioryte-like hornblende schist, and including some dark chunks of fibrous 
hornblende schist. This sort of granite continues southwestward along the lake shore. On the north side of 
sec. 18, T. 63-12, it contains many large quartz grains. A massive, handsome rock, suitable for fine architecture 
and monuments, occurs about twenty rods south from the end of the island (No. 74W), N. W. 14 N. W. 14 sec. 18, 
T. 63-12. It is coarse-grained, consisting of hornblende and a pinkish feldspar. 

At the N. BE. 14 N. E. 14 sec. 13, T. 63-13, is a rock which is mostly a hydro-mica granite, with coarse 
disseminated grains of quartz. The longer dimensions of these grains lie in the direction N. 60° E. It is inter- 
sected by many veins of granulyte, with reddish orthoclase. In some detached masses of granulyte some portions 
are of reddish feldspar, and others of whitish, and other portions are extraordinarily coarse. There are also 
rounded masses of hornblende schist. Near this place is a mass of granulyte very variable in texture and pre- 
senting still further varieties in its veins and dikes. As exposed on the shore in a nearly vertical wall, it has the 
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appearance of the ordinary laminated schists, dipping north at an angle of 70°. This illusory appearance is due 
to joints, which, with another set making an angle of 75° or 80° with these, give the formation a columnar 
appearance. 

There is much confusion and mingling of rock of different types at the points of transition from the 
massive rock to the schistose. This is exemplified on sec. 12, T. 63-13. The formation becomes somewhat 
nondescript, consisting of perhaps one-fourth interbedded granite, nearly three-fourths slightly micaceous 
hornblende schist and the remainder of syenitic gneiss and granular dioryte. In this mixed state it trends 
northeast and forms a rocky range on the north side of the bay, attaining an altitude of fifty feet. The struc- 
tural relations exhibited by the following figure were sketched from the face of the bluff 8. E. 14 S. W. \% sec. 
12, T. 63-13. The formation is about half granite and half mica schist. 
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FIG. 30. VIEW OF REMARKABLE ROCK STRUCTURE. BURNTSIDE LAKE. 
8. BE. 445. W. '4 see. 12, T. 63-13. 


The relations of the granite veins to the mica schist seen in the last figure are somewhat magnified in the 
following sketch: 


FIG. 31. CONSECUTIVE VEINS AT THE SAME PLACE AS SHOWN BY FIG. 30. BURNTSIDE LAKE. 


a—Reddish, compact granulyte, with a little muscovite. b—Whitish granite, with abundance of biotite. 
c—Whitish biotite granite. 


A remarkable convoluted vein of granulyte is represented by a literal drawing from the rock reproduced | 
in figure 32. The bluff is here 50 feet high, more than half schist, interlaminated with granite. This convol- 
uted vein continues fifteen feet. The volutions represented are included within the distance of four feet. 

Trout lake lies north of Vermilion lake, and in many respects is a repetition of Burntside lake, as it em- 
braces the transition line from the Coutchiching to the gneisses frequently called Laurentian. It is separated from 
Vermilion lake by a low range of hills which extends east and west, composed of mica schists and granite. The 
outlet stream from Trout lake descends by rapids and by a fall of a few feet near Vermilion lake, the whole 
descent being thirteen feet. The remains of an old water-wheel and stamp-mill erected at the time of the gold 
excitement of 1866 could still be seen at the falls in 1887. 


290 THE GEOLOGY OF MINNESOTA. 
{Trout lake. 


The rock in the river channel is a mixture of mica and hornblende schist and gneiss. There are fine 
veins of red feldspar penetrating the rock in all directions. Most of the gneiss contains both orthoclase and 
plagioclase and more or less pyrites. The general strike seems to be east and west (Nos. 334H to 337H), 

The point in the 8. W. 1, of N. W. 14 sec. 19, T. 63-15, is composed almost wholly of mica schist. There 
are a few narrow veins or stringers of gneiss running through it in various direc- 


tions, and one or two vranite intrusions of considerable thickness. The mica Q 
schist here does not seem to contain any hornblende. 

In the N. W. 14 of N. W. 14 sec. 19, T. 63 15, the rock is mostly a fine, gray, S 
biotite gneiss, slightly porphyritie and containing irregular inclusions of mica 
schist (No. 338H). On the north side of the point at the same place.the rock is 6 


syenyte gneiss in nearly flat beds (No. 310H}. The schist with which it is bedded, 
and into which it graduates, is also hornblendie. The gneiss is pyritiferous. 
There is a heavy covering of drift here, and many boulders lie around. 

In the 8. BE. 1, of N. BK. 14 see. 13, T. 63°16, there is an exposure 200 feet 
long of flat, bedded gneiss and mica schist. It is in bluffs fifteen feet to twenty } 
feet high. The gneiss and schist grade into each other and alternate in beds of all 
thicknesses up to three feet. Most of it is fine-grained and more or less decom. 
posed (No, 341H). These horizontal beds of gneiss and schist are eut by one or 
two nearly vertical granite intrusions (No. 342H). The feldspar in both the 
gneiss and granite is yellowish white, and some of it is iron stained. They both Q 
contain more or less hornblende. 

In the S.W. ly of S. W. 'y see. 13, T. 63-16, is a large, low exposure of \\ 
gneiss and mica schist interbedded in vertical strata, and cut by vertical granite =) 
intrusions from an inch to four feet thick, running in all directions through and ; 
across the beds. Strike is Bb. 44°S. The schist is typical, biotite mica schist. ~ 
The gneiss is fine-grained yellow rock, similar to most of that in this region. SN 
Following this along the shore in a southeasterly direction we soon come upon ~ 
a perpendicular wall of rock with a smooth fave twenty feet hieh and one hundred « 
feet long. This looks like a wall of masonry made of thin slabs laid horizontally. Y 
On careful inspection it appears that most of the eneissic structure and the ar. - 
rangement of the minerals in lines and bands is vertical, and the beds are lamin G 
or sheets instead of strata. In much of it there is no gneissic structure evident. “We; 

In places the yneissic structure dips 8. W. 45°. This rock is hornblendic as well \ 

as micaceous and contains granitic veins (No. 343H). The direction of the face rd 
of this wall is x. 70° S., and the general direction of the eneissic vertical beds in ~ Y 
it is about the same, some being however E. 40° S. At the edge of the water \ 
this appearance of laminw disappears and the rock seems to be as usual in verti- &] 
cal strata. Quantities of boulders and pieces of the adjacent rock line the shores wy 
of this lake. a 

The rock on the point in the 8S. W. ', of S. E. 14 sec. 14, T. 63 16, is gneiss < 
and syenyte gneiss containing a little schist, both mica and hornblende. It seems 
to be in vertical strata. The syenyte gneiss contains rounded or lenticular 
lumps or nodules of actinolite mixed with a little mica. These nodules are four x 
inches long, on an average, and vary from light grayish-green to greenish-black a 
in color. They are much softer on the exterior than a short distance within. S 
The hornblende on the exterior is altered to form some softer mineral (Nos, 345H 
and 345aH). 

In the N. W. 1, of S. E. 14 sec. 14, T. 63-16, the shore rises up almost per- 
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FIG. 2. CRUMPLED VEIN 
OF GRANULYTE AT THE 


pendicularly for forty fect. It is mica schist containing a little gneiss. It is all SAME PLACE AS SHOWN 
pervaded by more or less hornblende. The strata are much disturbed here, and BY FIG. #. BURNTSIDE 
have no permanent dip. The strike is E. 40° S. LAKE. 


In the N. W. 14 see. H, T. 63-16, the rock is principally a reddish biotite gneiss, some of it quite coarse and 
containing pyrite. It lies across the mica schist beds, which are vertical for the most part, but have been much 
distorted in places (No.346H). This reddish gneiss is itself cut by thin, light vellow or white granite veins. 

Red chlorite gneiss is found in the S. EB. 14 of S. W. 14 sec. 15, 'T. 63-16. It occurs in vertical beds with 
strata of mivaceous, hornblendic schist. Some of the beds are bent considerably and have a low dip to the north. 

In the centre of sec. 15, T. 63-16, the bluffs rise sixty feet or more vertically or in overhanging masses. It 
is principally mica schist, with some gneiss and a few veins of pyritiferous quartz. The schist itself is gneissic 
and almost massive, it is insuch thick beds. Where there is any bedding structure visible it is wavy and distorted. 

Near the N. BE. 1, of S. BE. ly see. 10, T. 63-16, the granite shores rise forty 
sloping ridges. Hornblende and a few other accessory minerals are present. 1 
orthoclase crystals four inches long being noticed. Some of it is peematitic. 
muscovite scales are set in or surrounded by quartz (Nos. H&8H and 349H). 

From here north the shores seem to be wholly granite, no sehist being mixed with it. It is all decidedly 
acidic and doves not contain much mica. The feldspar is orthoclase, It ig jointed in various directions. Some- 


feet above the lake in smooth, 
In places the granite is quite coarse, 
In some of this coarse granite the 
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times it seems to lie nearly flat, sheets of it lying over each other, dipping to the southeast. Granite from the 
S. E. 14 sec. 11, T. 63-16, is No. 350H. 

Syenyte is found in the N.E. 14 of N. W. 14 sec. 11, T. 63-16. It contains red orthoclase, dark hornblende, 
and but livtle quartz. Epidote isa common ingredient. It has much the same appearance and manner of occur- 
rence as the granite. It is inclined to be porphyritic in places (No. 351H), 

Across the bay in N. EB. 14 sec. 11, T. 63-16, the rock appears to lie in flat beds. It is gneiss, with about 
equal amounts of mica and hornblende. Some of it is almost schist, and some is granulyte. It is cut by intru- 
sions of granite (No. 352H). 

In the S. B. 14 of N. E. 14 see. 11, T. 63-16, the rock is fine, gray, biotite gneiss, containing plagioclase 
feldspar. It is quite firm and solid, but contains mica schist beds and lumps in which the strata run nearly 
north and south (No. 353H). Portions of this same gneiss are very coarse, and the feldspar is orthoclase with the 
pegmatitic character. 

Low, flat exposures of granite or gneiss are seen in the N. E. !y of sec. 2, T. 63-16. It is mostly tine- 
grained rock similar to No. 353H. It has bands of coarse granite running through it or lying on the surface. 
The line of contract or of separation from them is indistinct. Most of it has the appearance of being in beds 
dipping to the southeast at an angle of 30° or less. But in some of it there is an indistinct gneissoid structure 
which is about vertical. The shores are piled up for about ten or fifteen feet back from the lake, by the action 
of the elements, with masses of the subjacent rock and with boulders of granite. The gneiss contains a little 
hardened schist, and sometimes approaches the fineness of schist itself; but generally it is coarse, tirm and com- 
pact. 

Low exposures of porphyritic, micaceous gneiss are seen on the point in the N. W. 14 of N. EB. 44 sec. 35, T. 
64-16. In places it assumes the character of a breccia, and contains angular masses of hornblendic rock similar 
to that at the west side of Pelican lake. | 

Much fine pine grows around this lake. The water is clear and the lake shores and islands are beautiful. 
In many places, however, low reefs of rock extend out into the lake but a short distance below the surface of the 
water; thus making it difficult as well as dangerous for a canoe to land. In fact all of the shores have a very 
gradual slope into the lake. 

A large exposure has been caused by fire in S. EB. 14 of S. W. 14 sec. 26, T. 64-16. It is gneiss, partly fine 
and partly coarse. Part of it is mica schist and part half-way between schist and gneiss. Coarse masses of iron- 
stained quartz are seen here; also some coarse feldspar. In all this region there is a more or less striking appear- 
ance of horizontal lamination in the rock. In almost every place careful examination reveals the fact that the 
rock has a gneissic texture that is vertical or nearly so. Also when any schist beds lie in the gneiss they seem 
to be in vertical strata. 

The point in the west half of N. W. 14 sec. 30, T. 64-15, is composed of gneiss and mica schist rising about 
forty feet above the lake. At this place there is also a good display of the horizontal lamin and vertical yneissic 
structure. The thin beds of schist which are in the gneiss are bent and doubled up like aletter S.. The general 
strike is east and west. 

There is a most enormous pile of “cobblestones” here. Just to the southeast of the long sand beach in 
the 8S. E. 144 of S. E. 14 sec. 24, T. 64-16, is a pile of them twenty feet or more in hight and extending for 2U0 or 
300 paces along the shore. They are rounded and polished nicely and are from four inches to a foot in diameter. 

At the north end of the lake the rock becomes more regular in its bedding and dip. The latter is north, 
ata high angle. At the very end it is mostly gneiss; but contains more schist or gneissic schist than the gneiss 
a mile or two south. 

Coming south through secs. 30 and 31, T. 64-15, the beds of gneiss and schist gradually become more and 
more distorted and irregular. The dip gradually goes from vertical to horizontal, and the strike is extremely 
variable. The beds are about horizontal in the S. W. 14 of N. BE. 14 see. 31, T. 64-15. They are cut by vertical 
granite intrusions. In the N. E. 14 sec. 32, T. 64-15, there is considerable mica schist, quite regularly interbedded 
with gneiss, having a strike E. 60° S.; dip N. 60°. 

In general. This lake lies on an anticlinal. The flat-lying beds are in the middle or on the top of this 
anticlinal, and the strata dip north at the north end and south at the south end of the lake. The bays and gen- 
eral contour of the lake do not conform with the general strike of the formation, showing that the rock is very 
irregular in its bedding and dip. 

Much hornblendic rock is seen on the west side of the lake and hardly any on the east side. The shores, 
as said above, are wretched for landing, large piles of boulders and loose masses of rock extending far out into 
the lake from nearly every part of the shore. 

Long lake. The geology of this lake is quite different from that of Burntside lake, alongside of which it 
lies. Instead of firm mica schist or granitic shores, it lies in a basin of sericitic and chloritic schists, and of green- 
stones, which are exposed almost continuously along the shores. The northwestern shores, and the hill range 
adjacent which rises about 100 feet in sec. 20, T, 63-12, are conglomeratic. The general strike of the structures: 
is a little north of east. The range of hills that rises on the north side of the lake at the east end, near the lake 
sinks away or divides in the promontory that shuts in the bay at the northwest end of the lake, but forms, in 
its continuation under the water, a series of islands. It seems to rise again on the south side of Burntside river, 
and to continue in the same direction. It is supposed to contain an unconformable line of contact on the Coutchi- 
ching and granitic rocks (metamorphic Lower Keewatin) described about Burntside lake. This line of non- 
conformity, after passing the west end of Burntside lake, runs southwestwardly toward the southern side of 
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Vermilion lake. Thus Long lake and Burntside lake together, geologically, span about the same interval as is 
covered by Vermilion lake. 

At the western end of this lake are some rocks that resemble some seen at Kekequabic lake, these being 
the only two places known where this rock occurs in the state, viz., a fine-grained, felsitic rock, in which are 
disseminated hornblende crystals, a kind of hornblende porphyryte (No. 84W). This occurs on a little island 
N. W. 148. W. 14 sec. 29, T. 63-12. It is much sheared, and pagses gradually into a sericitic schist in which these 
crystals are not found (No. 66W), and also, under favorable shearing, intoa siliceous slate (No. 85W). Since these 
horoblendes are transverse to the schistose structure, frequently, they have apparently not been sheared, but may 
have been developed by the shearing process in a debris derived from a dioryte, viz., from Nos. 82W and 83W. 
This debris varies from very fine to coarse, and sometimes embraces fragments of quartz-porphyry and felsyte, 
being then quite suggestive of the horizon of the Stuntz conglomerate. Such a conglomerate, sheared, the 
fine debris converted into a sericitic schist, is represented by the following sketch made from the rock face N. 
W. 148. W 4 sec. 29, T. 63-12. 


FIG. 3%. PEBBLES OF QUARTZ PORPHYRY AND FELSYTE IN A FINE GREENISH MATRIX, SHEARED. 
N. W. 14S. W. 14 sec. 20, T. 63-12, 0n a small island. Long lake. 


Sometimes the whole rock is evenly fine, or granular, and when sheared it gives a mottled sericitic schist, 
which crumbles in fine scales (No. 89W). When not sheared such rock is a firm grit, gray and brittle, a form of 
the “graywacke” of the region (No. 92W) in part, and when very fine it forms a flint, and, if sheared, a siliceous 
slate (No. 85W', and passes into argillyte. These forms grade together with the varying grain and dynamic 
action. These rocks occupy a small area at the west end of Long lake, and perhaps are all included in a sharp 
synclinal fold, originally non-conformable on the greenstone which lies on eachside. (See the chapteron structural 
geology.) 

Along the south shore in N. E. 14 sec. 28, T. 63-12, and spreading largely inland toward Ely, and eastward, 
is a large and hilly display of greenstone (Nos. 91W, and 1002, 1003), which is a rather ambiguous rock. It is 
hard to separate, whether in the field or under the microscope, from the greenstone which is well known in the 
Archean (the Kawishiwin), and whose characters are represented by many rock samples. This greenstone range 
continues eastward and gives rise to the Kawasachong falls at the descent of the Kawishiwi river to Fall lake. 
It also forms the south shore of Fall lake westward from the mouth of Kawishiwi river. This is the formation 
which holds the iron ore at Tower and at Ely, notwithstanding the fragmental or crushed condition of the ore 
of the Chandler mine at Ely, causing it to resemble the “soft” ores of the Mesabi range. In numerous placeson 
this hill range, banded jaspilyte, identical with that seen at Tower, is plainly exposed, especially in the next town 
east, where it is embraced in rocks Nos. 1014 and 1015 (sec. 30, T. 63-11). This rock belongs in the Archean, 
but non-conformably below the gray wackes and arvillytes and conglomerates of the southwestern end of Long lake. 

The basin of Long lake lies therefore partly in the Upper Keewatin and partly in the Kawishiwin epoch 
of the Lower Keewatin. The Upper Keewatin is not known in this basin, eastward from the west end of Long 
lake, but the southern and northern rims approach each other at the east end of the lake and seem to shut it off. 
Indeed the whole of the north shore of the lake is composed of rocks of the lower Keewatin, consisting of green- 
stones, sometimes evidently of massive crystalline nature, and sometimes apparently of the nature of volcanic 
tutfs. They have everywhere been sheared and faulted, the original minerals lost, and the original structures 
replaced by an almost constant fibro-schistose structure, without evident sedimentary banding, which runs 
about east and west. They are much altered basic rock materials of some sort,and are frequently permeated by 
calcite, which is evident in a thin section, even in the most dense portions. In secs, 22 and 15, T. 63-12, are 
eruptives of later date, not sheared (No. 22H in part). 

North of Long lake are hill-ranges running in a general direction N. 80° E., and increasing in hight 
toward the north, the upper level being at 190 feet above the lake. “In sections 22 and 15 these hills are made 
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up chiefly of a fine-grained compact green rock, firm and without appearance of any stratification or schistoes, 
structure (No. 22H); but there are curved lines or threads of schistose rock running all through it. The rock 
in these veins sometimes appears like dioryte (No. 21H), and sometimes like sericitic schist. There are crystals 
of hornblende in it that stand out on the weathered surface and give a darker and rougher appearance to the 
network of veins which is everywhere seen on the surface of the bare hills. 

Through section 15 the hill-ranges are precipitous, and separated by deep ravines. The rock changes 
rapidly, becoming more massive and solid in structure toward the north. The hills nearest the lake are of a 
sort of greenish hydro mica or chloritic schist. The next ranges are harder and less changed by weathering, 
and are finely crystalline in texture, like dioryte. The hills beyond these are coarser, and look like fine dioryte, 
and those still further north are still coarser and more crystalline. (Quartz veins are common, running in all 
directions, and sometimes lying flat on the surface. The schistose rock seems to dip north, and sometimes con- 
tains irregular shaped fragments of the granular quartz, such as are seen.in the schists north of Tower. 

Portions of the rock in the first high range of hills north of the lake contain light-greenish spots, aa if 
derived from an original amyydaloidal or fragmental structure. These stand out in little round globules on 
weathered surfaces (No. 26H). 

The rock for the first three-quarters of a mile north of the lake, including the schists near the lake and 
the semi-crystalline rock further north, contains beds or veins of very hard, siliceous, flinty rock, which is like a 
petrosilex. This shows stratification, both on the surface, which weathers white, and in the greenish interior. 
Such beds stand vertical and extend for an indefinite distance east and west through the other rock. Their gen- 
eral thickness is about six inches, but some such are two and even three feet thick. An indistinct tendency to 
a rude crystallization is visible in this fine siliceous rock, as if it were homogeneous enough to crystallize like a 
mineral, the different parts being separated by straight planes, causing it to disintegrate in small angular blocks 
(No. 29H). 

In making a traverse from Long lake to Burntside lake, in sees. 19 and 18, T. 63-12, a similar topography 
was encountered, combined with the same transitions in the character of the rock. The samples illustrative of 
this are numbered 2114 to 2123.) The ereenstone seen at the south gradually becomes re-crystalline, by the appear- 
ance of hornblendes, then of feldspars, and forms a dioritie rock. In places mica schist is associated, and some- 
times mica schist and hornblende schist are irregularly intergraded and mingled. In going northward occasional 
sinall granitic dikes, often weathering red, are seen cutting the schists or more frequently running parallel with 
them. ‘There is no transition to granite, but the two kinds of rock are continually distinct and separate. The 
greenstone with its moditications is plainly the older rock. At the shore of Burntside lake the rocks are wholly 
granitic. 

Vermélion luke. This lake, with its attendant geology, embraces the most important elements in the con- 
tents of this chapter. In this place will be given only an outline of the geology. The most interesting ques- 
tions, and the geology of the iron mines, will be found in the chapter devoted to the Vermilion lake plate (No. 86). 

In the northwestern part is an oval-shaped arca of granite and gneiss, surrounded by mica schist which 
dips in all directions away from the gneiss. Toward the north and west there is no known Jater rock, but toward 
the south and east these rocks are overlain by later strata consisting of graywackes, argillytes and conglom- 
erates, these belonging to what may be separated from the rest of the Keewatin under the name of Upper 
Keewatin. The line of contact of these later rocks on the older is approximately represented on the accompany- 
ing plate, but it has not been detected with certainty except in the southern confines of the lake, and then the 
contact is not on mica schists and gneisses, but on the greenstone, quartz porphyry and iron ores of the vicinity of 
Tower, which are supposed to be of the same ave (Lower Keewatin) as the mica schists of the northwestern part 
of the lake, the schists being crystallized by the proximity and activity of the granitic centres. 

In classifying the oldest rocks, according to their relative ages, it is customary to assume that the bottom 
is toward the gneiss and the granite, but there is no certainty that the gneiss is at the bottom. On thecontrary, 
there are good reasons to believe that the gneiss and the mica schists which accompany the gneiss, as well as the 
granite, are of later date, as rocks, than the greenstones that contain the iron ores at Tower. They seem to be 
only phases that have been superinduced on an older rock series. The mica schists certainly in some instances 
graduate into less crystalline rock, and quite evidently they are only changed condition of the more siliceous 
greenstones. If the gneiss or the granite prevails in any locality to the exclusion of the mica schist and other 
clastic rocks, it is perhaps owing to a locally more powerful metamorphism of the old series, represented in the 
first instance, and in its original condition, by the fragmental greenstones and their accompanying schists. Hence 
it seems quite reasonable to infer that the natural downward succession, in order of rock genesis, is toward the 
greenstones, and hence that the oldest known rock series in the state 1s the great greenstone series, which has 
been named Kawishiwin. This subject is further discussed in connection with the Vermilion lake plate,* and in 
the chapter devoted to structural geology. 

There is a distinct line of non-conformity which marks the commencement of another series. This was 
not discovered until 1896, and it introduces an important new element in the classification of the oldest rocks 
which leads to a corresponding correction in all the reports that have preceded, wherever they treat of this sub- 
ject. The basal rock at the bottom of the Upper Keewatin is what has been called, in the annual reports, the 
Stuntz conglomerate, from the fact that an island of that name in Stuntz bay consists largely of this conglom- 


* As to the nature of the early differentiation into acid and basie rocks, and the nature of the first rock-erust of the earth, 
compare: N.H, WixncHELL. Some thoughts on eruptive rocks, with special reference to those of Minnesota, Amer. Assoc. Adv. 
Sci, vol. xxvii, pp. 212-221, 1888; chi. Gleol., xxii, Nov. 180s, 
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erate. This graduates upward into quartzyte and to graywacke. The graywacke is seen to pass into finer and 
finer rock so as to constitute argillyte. The iron ores of the Vermilion range are in the older formation, and they 
have supplied debris to constitute a portion of this conglomerate. The non-conformity can be seen plainly ina 
small bay on the south side of the Jake, on the west side of the bay, at the east side of sec. 20, T. 61-15, where a 
low knob of the conglomerate rises about fifteen feet above a surface of Jaspilyte. This conglomerate consists, 
in the proportions of nine to one (in some places), of fragments from the Jaspilyte, whereas it consists, at large, 
of felsyte and quartz-porphyry, with only rarely a fragment of jaspilyte. It is very evident here that the jaspilyte 
boss adjacent was the source from which the greater portion of jaspilyte pebbles were obtained. Compare the 
Vermilion lake plate. The Stuntz conglomerate extends east and west from this point, but its surface area has 
not been traced out in detail. Indeed, it is not possible to delineate with correctness the area of the Upper 
Keewatin, and the accompanying plate shows simply the Keewatin, in which are included the Kawishiwin acd 
the Upper Keewatin. At other points the Stuntz conglomerate varies to a greenish conglomerate with fewer 
siliceous pebbles, as mentioned at Long lake. : 

The reyion between Vermilion and White Iron lakes. From the greenstone and jaspilyte ridges at 
Soudan to the granitic rock about White Iron lake in general the country is occupied by an ambiguous green- 
. stone, and by mica schist, and granite. The accompanying plate shows approximately the northern extension of 
the last mentioned rock. As in many other places, the change from the mica schist to greenstone is one of 
gradual transition, but it cannot be stated, as yet, what amount of this greenstone belongs to the Lower and 
what to the Upper Keewatin. Suffice it to say here that in some of this greenstone the jaspilyte bands are 
embraced. This is considered Archean, and is put in the Lower Keewatin. Intimately associated with this is 
more or less plainly fragmental greenstone, which, having been sheared and compressed, has frequently been 
converted into a green schist, which is very similar to the green schists of the Archean. Such are found about 
Ely and along the railroad westward, frequently exposed freshly by the rock cuts. It is seen about the southern 
confines of Eagle Nest lakes. It is made up sometimes very largely of rounded masses, as if it were originally a 
conglomerate, or an agglomerate. This feature is conspicuous at the railroad cuts between Tower and Ely. 
* Whether it is the basal member of an unconformable overlying formation, and equivalent in age to the Stuntz 
conglomerate of the Upper Keewatin, or is a portion of the greenstone proper of the Lower Keewatin, it has not 
heen possible to determine, but recent reéxaminations indicate that it is a part of the Lower Keewatin. The 
determination of this involves the question of the ave of the Giant’s range granite, and also the relation of the 
Upper Keewatin to the Animikie. For instance, the Giant's range granite is the focal point, in a dynamic sense, 
on which depend the mica schists which lie alongside of the granite. The mica schists, according to numerous 
observations, are a crystalline condition of the fragmental greenstones and graywackes, into which they graduate 
conformably, and if this fragmental greenstone is Upper Keewatin, the epoch of the Giant's range granite sep- 
arates the Upper Keewatin from the Animikie, and the non-conformity which exists at Tower between these 
greenstones and conglomerates (as the Stuntz conglomerate) and the jaspilyte, and its cotemporary greenstones, 
is not cotemporary with that which exists below the Animikie along the south side of the Giant's range. If, on 
the other hand, these extended fragmenta] greenstones belong 1n the Lower Keewatin, with the jaspilyte, as has 
been generally considered, it is difficult to find how they can be separated from Upper Keewatin graywacke- 
greenstones, either petrographically or structurally, and the chronological relation of the Animikie to the Upper 
Keewatin is not determined by the age of the granite of the Giant’s range. 

Leaving this question for the present it will only be necessary here to give some of the details of the field 
observations in the region here considered, so far as they lie outside of the area of the Vermilion Lake plate. 

Southward from Mud creek the country is crossed in a southeast direction by an interrupted succession 
of ridges of greenstone and green schist, separated by narrow valleys. In this region are several known 
exposures of the Jaspilyte, or iron ore, similar in character to that in the ridges at Soudan, and in several places 
considerable mining has been done, of an exploratory kind, but as yet no large body of merchantable ore has 
been discovered. Such portions of the greenstones or graywackes as embrace jaspilyte beds are probably assign- 
able to the Lower Keewatin, and such portions as contain isolated angular pieces of it are to be considered as in 
the Upper Keewatin. . 

There is also in this region, in T. 62-14, a considerable amount of sericitic schist, which is a rather 
indefinite term,as generally employed. If the term be restricted to sheared quartz porphyry, or a sheared debris 
of quartz porphyry, it will be found that both sources for such rock are found in the region southeastward from 
Mud creek, but the more common source ts a sheared debris of quartz porphyry or of greenwacke. There seems 
to have been in the Lower Keewatin, along with the jaspilyte and the enclosing greenstones, a large amount of 
quartz porphyry, although it has been certainly identified in but very few places. If the term sericitic schist be 
allowed to cover some of the graywackes when sheared and some of the indefinite schists that are phases of 
chloritic schist, there wil] be found to be a large amount of that rock in the region between Vermilion lake 
and White Iron lake. 

Quartz porphyry at Ely. Toward White Iron lake the graywackes and green schists are changed to 
mica-hornblende schists, and when they embrace jaspilyte such jaspilyte is blackened, the hematite being 
changed to magnetite.* Along the northwest side of this lake these schists are cut by granite dikes with greater 
and greater frequency going toward the main granite area, and with less and less effect on the schists going 
away from it. The most remote irruptive rock of this kind, known in this vicinity, exists amongst the bouldery 


*Compare N. H. and H. V. WINCHELL. Bulletin No. vi, pp. 12-23. 
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greenstones about three-quarters of a mile west of Ely (No. 1789). There is, however, no evidence that this is 
of the age of the granitic intrusions at the northwest side of White Tron lake. Petrographically it is allied to some 
dikes that cut the greenstones on the Kawishiwi river, viz.: Nos. 416G, 417G, and 000G, and these are all so 
different from the Giant’s range granitic mass that they cannot be considered, safely, as being apophyses from 
that mass. They are more likely to be of an earlier irruptive epoch. Contact rocks of the White Iron lake area 


neither of these rocks here acts as an intrusive on the other, but that the folding and truncation of the folds 
which the rocks have suffered, along with shearing, have brought them into contact. Similar phenomena are 
exhibited on the “burnt forties” near Tower, as described in the chapter on the Vermilion lake plate. Near Ely 
the porphyry is traceable for about fifty rods, appearing like a dike about twenty feet wide (or sometimes wider), 
running about N. 30° BE. It both encloses and is enclosed by the adjoining greenstone. Its width varies from 
fifteen feet to fifty feet, and its course swings a little north and south. It runs out toward the east in a series 
of isolated white spots in the greenstone, which can be traced, with interruptions for thirty rods further. This 
action is much like the Squeezing out of a fold which embraced a lot of quartz porphyry, followed by the 
truncation of both rockg by an irregular horizontal plane. Another appearance of what may be the same mags 
is near the centre of sec. 32, T. 63-12 (No. 2107). There is an extended range of granite with a quartz vein fifty 
feet or more in width, both running parallel with this, in S. W. 14 sec. 30, T. 63-12. 

The greenstones at kily. The greenstone formation, as seen at Ely, is a much altered and very ancient 
rock. It presents the same indefinite characters as elsewhere, Some of it is evidently fragmental, and some is 
irruptive, if not eruptive and effusive. Some years ago the writer described the rock seen in a sinall cut a few 
rods west of the depot at Ely* as a volcanic agglomerate, and since then this rock-cut has been reéxamined and 
photographed. It is represented by plate U, figure 2, and plate V, figure 1. The rounded parts of which the 
rock almost wholly consists (No. 1510) are shown in these plates, but the darker green schist which surrounds 
them is not well indicated. The scale of darker schist is about half an inch thick, but it frequently forms con- 
siderably larger areas of irregular shape, and is also sometimes much coarser than the grain seen in the interiors 
of the rounded masses. It is apt to be the collecting place of calcite, “chalcedonic ” silica, and of cubes of 
pyrite. The rounded masses are themselves divisible into an interior part (No. 1510), and a curiously amyg- 
daloidal periphyry (No. 1511). In the latter the substance of the rock ig penetrated by tubes or pipe-Mke amyg- 
daloidal passages in which now is found a filling either of calcite or of chalcedonic silica. These tubes stand per- 
pendicular to the surfaces of the rounded masses, and are separated, on an average, about half an inch from 
their neighbors. They are not everywhere present, but they are so abundant as to make a marked distinction 
between the interior and the exterior of the masses. They are sometimes more than an inch in length, but 
most frequently are less than an inch. They do not enter, or but slightly, into the darker green schist, which is 
wrapped about the masses with its tibrous direction parallel to their surfaces. They are approximately circular 
or pipe-like, with a diameter of about two millimetres. Some of them, however, are a little zigzag, and rough- 
ened on their inner surfaces. This is revealed by fractures across them after the calcite has weathered out, which 
is the case in many instances. While these tubes are generally simple, and approximately round in section, they 
are not always so, but they flatten out for a short space and return again to pipe-stem shape, and sometimes they 
branch, or coalesce. 

_In other places about lake Superior similar rounded masses have been noted in what is apparently the 
Same greenstone, and they have been attributed to a crushing and shearing action exerted by dynamic forces 
upon a greenstone which was originally massive and crystalline.t But there are difficulties which seem to be at 
present insurmountable which oppose this explanation, and they have been presented by the writert in a former 
report. While, however, the subject will not be discussed here at length,§ and although it may be admitted 
that some difficulties attend all theories of the origin of the greenstones, it will here suffice to state that in the 


“N. H. WINCHELL. The Kawishiwin agglomerate at Ely, Minn. American Geologist, vol. ix, pp. 350-3368, 1892. a 

t GEORGE H. WinntamMs. The greenstone schist areas of the Menominee and Marquette regions of Michigan. Bulletin No. 
62, U. 8. Geol. Surve , 1890, pp. 137, 166, 203; see also p. 177. ; Z 

F. L. Rane Te Tatee rocks of Point Bonita, Cal., Bulletin, Dept. Geol., Univ. Cal., vol. i, pp. hay 1883. - 

1N.H. WINCHELI. The origin of the Archean Kreenstones. Twenty-third Annual Report, pp. 4-35, 1804. The origin of 
spheroidal Basalt, American Geologist, vol. xiv, pp. 321-426, 1804. 

§ The reader will find further consideration of the greenstones and their origin in the chapter devoted to the petrographic 
geology of the northern part of the state, as well as in that devoted to structural geology, vol. v. 
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opinion of the writer they are largely of pyro-clastic origin; that is to say, the materials of which they are com- 
posed had origin in voleanic action, and that, whether tuffs, bombs, ash or liquid lava, they generally came into 
contact at once with the Archean ocean, and were by it greatly altered, chemically and mechanically, often 
reduced toa voleanic pulp, and generally distributed and often characteristically stratitied by its waves and 
currents. In most cases they have suffered by stresses of dynamic action, and, being probably the oldest rocks 
of the earth’s crust, they have, as a group, been longest subjected to all the disintegrating action of atmospheric 
and other ayents. | 

These ovoid and spheroidal masses are a peculiar feature of this great greenstone, which has been seen in 
numerous places within the area of this plate, and particularly toward the west from Ely; and their nature and 
origin are problematical. They are described in thin section, microscopically, under the rock Nos, 1510 and 1511. 
Compare also rocks Nos. 1786 and 1788. 

There is at Ely a difference noticeable in this greenstone, between evidently massive dikes of original 
diabase and the chief mass of the greenstone. A branching dike or bleb of irruptive greenstone (No. 1786) is 
seen crossing the town site from northeast to southwest, appearing best on the very summit of the hill on which, 
in veneral, Ely issituated. Its outlines cannot be traced exactly because of earth-covering, but it is at least ten 
or fifteen feet wide, varying in direction as well as in dimension. Its contact with the siliceous and bouldery 
greenstone is exposed on the street near the Catholic church. This trap dike is homogeneous in color and grain. 
It is so altered that hornblende is its principal ferromagnesian mineral, and the feldspars are crowded with 
microscopic mineralizations of secondary origin. The dike separates so as to embrace parts of the greenstone, 
and it also encloses smaller pieces. It presents a noticeable contrast with the greenstone, which here is very 
coarsely and abundantly bouldery or agglomeratic. 

West from the depot, where this bouldery structure appears at the little cut already mentioned, a similar 
but finer greenstone spreads widely (No. 1788), and appears in other low knobs. This also has an eruptive aspect 
(at least outwardly) and a resemblance to the rock No. 1786, in patches. This rock, as it is followed along toward 
the “ Lockhart” property, loses some of its evidently igneous characters. It has siliceous and epidotic (?) rounded 
and also angular grains, and, though apparently massive, there is an appearance of fragmental characters. It 
then terminates toward the west by abutting on a bouldery patch, in which the grain and substance of the 
massive (?) rock becomes finer, and then enters among the bombs and surrounds them, forming the dark green 
coating which envelops them as described at the rock-cut. A careful discrimination of the microscopic characters 
of the rocks (Nos. 1786 and 1788) here has an important bearing on their possible difference of origin, and hence 
on the origin of the ambiguous greenstone in general. | 

The rock No. 1786 is plainly an intrusive basic rock of very old date. This is apparent by its appearance 
in the field. Microscopically its characters indicate a much altered diabase. The pyroxene is nearly obliterated 
--indeed the section examined has only one grain that seems to be a skeleton of an old idiomorphie (?) pyroxene. 
Throughout the skeletal remnant, coincident with partings which were probably at first the diallagic cleavage, 
epidote has been generated and now lies in bands which extinguish in consonance, the intervening bands being 
composed of secondary feldspar which extinguishes in part in consonance with larger feldspars that lie outside, 
and of calcite, while near the centre is an area that is nearly dark constantly between the nicols. The conspic- 
uous ferromagnesium mineral is hornblende, which is in elongated, smal] crystals whose cross sections are 
nearly perfect rhombs, occasionally composed of two individuals, with sharp and perfect prismatic cleavages and 
straight, prismatic outlines, but whose sections, cut parallel to the vertical axis, show the ends of the crystal as 
fibrous terminations without definite boundaries. These hornblendes have had two periods of growth, the last 
one being evinced by a colorless fringe about some of the cross sections of the otherwise brown crystals, the 
fringe extinguishing with the body of the crystal. They are also irregularly intergrown and twinned, and they 
penetrate the boundaries of the secondary feldspars. | | 

The secondary feldspars are much like quartz, and can hardly be discovered to possess any cleavage. 
Quartz is also present, as well as calcite. The former has developed so as to embrace both epidote and horn- 
blende. The old feldspars are clouded with chlorite and other obscurities, and can barely be said to show still 
the albite twinning. They embrace both hornblende and epidote. There are spicules which appear to be apatite, 
and many highly refractive small grains of irregular shapes scattered about the section which are perhaps not 
epidote. . 

The whole rock has been recrystallized, and quartz and calcite have entered it from without. Yet, it is a 
holoerystalline rock, and its minerals are evident both as to shapes and optic characters, the hornblende being 
porphyritic. 

The rock No. 1788 is quite different, although when collected it was supposed to be similar to No. 1786, and 
as No. 1786 demonstrates by its dike-like action that it is an igneous rock, it was considered that No. 1788 might 
also be igneous. On making microscopic examination, however, they seem not to be soallied. Rock No. 1788 is 
much more decayed, showing a considerable amount of calcite. It contains no porphyritic hornblendes, but a 
tine and often fibrous actinolite, or other amphibole, is abundant, especially in the areas of the old pyroxenes. 
There is also a wide distribution of small irregular grains of epidote like those mentioned in the description of 
No. 1786. There are multitudes of little feldspars, much smaller than in No. 1786, and there are remnants of 
old feldspars now mostly occupied by a micro granulitic mass of fresh feldspar grains, the original orientation 
being sufficiently preserved, in some cases, to show the change that has taken place. A small amount of quartz 
can be seen to surround, occasionally, the small epidotes. The rock as a whole is quite similar to much that is 
included under the term greenstone. 
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In going carefully over some greenstone knohs west from the Catholic church at Ely, a patch of greenstone 
breccia (No. 2092) appears in the interstices between the agglomeratic shapes, cemented by calcite. The frag- 
ments are numerous and angular, averaging perhaps one-fourth or one-half inch. Such an appearance suggests 
the idea of a flow-breccia, on dry land, as the possible cause of the agglomeratic structure, rather than the 
hypothesis of bomb-projection by voleanoes and deposition in water. It is to be noted also that sometimes the 
agglomeratic forms are large and of irregular shapes, and their outlines do not apparently unite so as to enclose 
isolated individual masses. This constitutes a difficulty in the application of the bomb hypothesis. The per- 
iphery of the bombs is not always amygdaloida} (No. 2093), but is sometimes finely specked with a white-weather- 
ing minera)] in round spots as large as a pin-head. These pellets are finely granular, siliceous and gray. They 
multiply and coalesce toward the centre, forming the mass of the interior. This belt is, in general, outside of a 
coarsely cavernous belt which is frequently interrupted (or wanting), and which is apparently the representative 
of the pipe-like amygdaloidal structure. 

North from Ely, near the lake, is a low knob of jaspilyte, showing the greenstone contorted with the jaspi- 
lyte. This also shows places where the greenstone element is originally mingled with the jaspilyte, and vice 
versa, but for the most part they are distinct. 

Westward from this point, but before reaching the boat-house, a gradual change comes over the rock, 
‘which becomes lighter-colored and more siliceous, resembling a very tine graywacke. It contains not only rounded, 
but angular, bits of rock not much unlike the rest, embraced in the general mass (No. 2094), suggesting the 
structure of a breccia formed by pressure and shearing, from a stratified slate and fine graywacke. This rock is 
very fine, like felsyte, but is not porphyritic. 

West end of Long lake. Onthe blunt, large point of land, S. E. 14 sec. 29, T. 63-12, may be seen an 
alternation of soft argillitic slates, tine and slippery (No. 2097), with others that are coarser grained (No. 2098), 
whose strike is about N. 45° E. The coarser rock appears to be the result of Wastaye from a rock like the white 
rock (No. 2095), much pressed and sheared. On the little island, briefly described in the fifteenth annual 
report,* S. W. 1; sec. 29, is a form of the Stuntz conglomerate. The matrix is greenish and rather coarse 
(No. 2099), containing minute hornblendes (2), and the pebbles are of differ- 
ent kinds, viz.: (1) Mostly of rock like No. 2095, sometimes containing a 
few quartz grains, making a quartz porphyry varying to (2) A non-quartz- 
iferous felsyte; (3) Quartz, but few pebbles seen; (4) Greenstone; (5) Horn- 
blende porphyry (No. 84W). This conglomerate gives place rather sud- 
denly to argillyte toward the south, yet the transition is marked by a distri- 
bution of pebbles for a few inches into the argillyte. It is therefore a true 
sedimentary transition. The argillyte runs in agreement still further east 
on the blunt point, and parallel to this sedimentary contact, the dip being 
80° toward the southeast, the conglomerate being on the northwest side 
of the island. Hence, in general it is Jegitimate to infer that about Long 
lake this schistose and slaty structure shows the direction of the bedding 
upon which it has been superimposed. This conglomerate is evidently the 
basal part of the Upper Keewatin. A photograph made here is reproduced 
in plate V, figure 2. 

This rock has been much sheared, and the pebbles all lie elongated 
in the direction of the schistosity. Some of them have been partly separ- 
ated or folded on themselves, showing re-entrant angles as they are exposed 
to the weathered surface, into which the materials of the matrix have been 
crowded. One of the most perfect exhibitions of this distortion, sketched 
from this rock, is shown by tigure 34. This shows plainly that when we FIG. DISTORTED PEBBLE IN THE 

a BASAL CONGLOMERATE OF THE 
know that we have to do with aconglomerate, such changes of form have tak- UPPER KEEWATIN. 
en place, and re-entrant loops formed by shearing. Such irregularity of form 
is common in the bouldery greenstone, and has sometimes been an obstacle to the idea of fragmenta} accumulation. 

From this island, toward the southwest, is a bluff on the mainland, consisting of a fine and siliceous green- 
stone (No. 2101) or greenwacke. It is firm and siliceous, but on the bald, weathered cliff it cannot be distin- 
guished easily, if at all, from the agglomerate-conglomerate of the greenstone. There are no bouldery masses 
with amygdaloidal peripheries, but the rock is rovgh, and in places very fine-grained, resembling the fine 
graywackes, such rock running in belts of a few inches in width, suggesting the argillitic aspects of the island. 
On freshly opened jointage planes, as formed by slides at the shore, this rock presents a striking aspect; it appears 
to be a coarse fragmental, either a conylomerate or breccia, probably the latter. Some of the evident pieces are 
eight to ten inches in longer diameter, but do not differ essentially from the surrounding rock. It indicates 
great dynamic fracturing and pressure. 

Rising in the midst of this is a small area of apparently crystalline granitic rock (No. 2102), perhapsa form 
of No, 2095, but not porphyritic, though quartzose, which can be traced only about a rod. Its position here is 
also perhaps due to dynamic fracture and displacement. 

Other islands, further north, are also elongated with the strike of the formation, although composed of an 
indefinite greenstone and presenting a similar brecciated exterior. A high greenstone range (No, 2103) appears 
in N. BE. 14S. E. 14 sec. 30, T. 63-12, opposite the foregoing islands at the shore. 


*A. WINCHELL. Fifteenth Annual Report, pp. 53-54. 
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A small island, near the point N. W. 14 S. W. 14 sec. 29, T. 63-12, consists of a gray subcrvatalline rock 
(No. 2104), a condition of the prevalent greenstone of the region, but lying too far north to belong to the main 
high range. In outward appearance this approximates gabbro, but is probably a dioryte. Schists, sericitic and 
flinty, occupy the lake shore westward from this island (Nos. 2105, 2106). * 

The celebrated location on sec. 30, T. 63-11, shows much jaspilyte exposure, forming a general belt about 
east and west. This belt is composed of interrupted abrupt ridges which have an east-northeast direction. The 
surrounding greenstone is somewhat agvlomeratic, but not conspicuously so. The ore is not brecciated, as at 
Ely, but massive, as at Tower. The hematite forms a secondary cementing material for a breccia of red and 
brown Jaspilyte. The jaspilyte itself is earlier than the ore, and was much shattered. On the other hand, at 
Ely the ore is the jaspilyte breccia, and at Tower the ore is the jJaspilyte. This may indicate two epochs of ore 
formation in these jaspilyte masses. . 

The high ridge which lies immediately south of the town site of Ely consists apparently entirely of green- 
stone with many spots and nodules and pseudo-veins of epidotic rock (No. 2113). It is often very fine-grained 
and siliceous, but not distinctly bouldery. The ridge descends to a great rocky valley toward the south which 
has another similar ridge on the south. 

West from Long lake, but south from the quartz vein described below, are large ridges of greenstone 
running nearly east and west. At the N. BE. 14 S. EB. 4 sec. 36, T. 63-13, this rock has an outer weathered sur- 
face blotched by original subangular forms (No. 2125), the difference in color being due largely to variation in the 
frequency of the hornblendes, which are large and conspicuous, both in the boulders and in the matrix. On the 
north side of this ridge is argillyte, nearly vertical, but dipping to the southeast so as to pass under the main ridge. 
The matrix of these sub-angular masses is rather homogeneous and apparently a sheared igneous rock of dioritic 
character (plate W, figures 1 and 2). 

At the extreme northeast corner of sec. 36, T. 63-13, is a belt of jaspilyte, traceable for about a mile. This 
jaspilyte blends with the country rock, producing an intermediate phase, a siliceous greenstone (No. 2126). At 
this place the whole formation has that irregularity which has been called frequently bouldery, t. ¢.,it is blotched 
in the same way, and the grayish and greenish jaspilitic silica surrounds the masses. 

Auriferous quartz vein. At the west end of Long lake, S. W. 14 S. W. 14 sec. 30, T. 63-12, is a conspicuous 
display of quartz and granite, the former carrying gold. An average sample selected from the dump, assayed 
by F. F. Sharpless, gave 8.64. Some casual working has been done on this vein, and numerous assays show, 
according to the statement of Mr. McIntosh, one of the owners, an average of over $10.00 per ton. The vein is 
traceable about an cighth of a mile, a little north of east, with an irregular width reaching a maximum of about 
eighty feet. It accompanies a granite dike. The ore is not abundant, but is in irregular streaks in the quartz. 

Traverse from the green schists to the yranite, etc. At the northwest corner of Long lake a traverse was 
made due north to Burntside lake for the purpose of observing the manner of transition from the green schists 
and argillytes to the crystalline schistsand granites seen at Burntside lake. The region is largely moss and timber- 
covered, rendering it impossible to observe the exact relations of the changing rock. 

Along the shore of the lake, north from the mouth of the river, and on some small islands, can be noted a 
change coming on gradually in the aspect of the rock. It has a rigidness and a long, fibro-lamellar structure, 
though still zreen. At the point of leaving Long lake the rock is a greenish, more firm, sub-crystalline condition 
of the same rock (No. JII4). At about thirty rods from the lake, and forty or fifty feet above it, the rock is more 
coarsely crystalline, with hornblendic crystals (No. 2115). At eight rods further north it is finely porphyritic, 
with feldspar in spots, and in places it weathers red (No, 2116). .At eight rods further north is a compact, dark 
green rock, not plainly crystalline (No. 2117). At nine rods further north, the rock is much like the last, but 
coarser and somewhat crystalline No. 2118). At nine rods still further north, just at the southern brow of the 
main hill, the rock is very tough, lighter weathering, showing a phase of the regional metamorphism of the 
greenstone —a crystalline rock, light green in color, a dioryte (No. 2119). At the top of the same hill, about 200 
feet above the lake, the rock is somewhat coarser, but otherwise like the last (No. 2120). Nos. 2119 and 2120 are 
quite similar to rock No, 2104, which constitutes a small island in the lake at the western end, noted above. At 
one-half mile from Long lake a dike of reddish granite (No. 2121) two inches wide is encountered on pulling off 
the moss, running with the structure about east and west. The country rock is somewhat micaceous. At twenty 
rods still further north the country rock is a coarse hornblende schist {No. 2122. At the top of the hill south 
from Burntside lake, at 100 feet (+) above that lake, and perhaps fifteen rods from it, the underlying rock is mica 
and hornblende schist (No. 2123), these minerals irregularly alternating in a schistose manner. This occurs after 
passing considerable granite. At the south shore of Burntside lake is granite (No. 2124). 

This traverse affords a very interesting section. It shows the greenstone changing gradually, under 
regional metamorphism, to a hornblendic rock or dioryte, which is in places micaceous. There is also, at the 
points observed, a mica-schist foliation parallel with the known sedimentary structure, a fact which has been 
verified at other places where the original sedimentary banding was evident. 

There is, for the most part, a rather abrupt transition from the Keewatin in this area to the eruptive 
granite of White Iron lake. The belt of mica schist which usually separates them is narrow and not conspicuous. 
It is only known about the north end of White Iron lake. It is supposed to extend westwardly for a few miles, 
as represented on the plate, and may be much larger than is shown.. There is, besides, a more or less interrupted 
patch or belt of mica schists, not represented on the plate, which extends rather irregularly about the west and 
northwest environs of Birch lake, illustrated by rock Nos. 958 and 958A. This schist is greatly affected by intru- 
sions of basic as well as acid rock, and occurs frequently as isolated bunches, sometimes of small size, but closely 
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grouped, surrounded by granitic rock. Very much of the dark mineral which gives character to the rocks about 
the west end of Birch lake is hornblende (Nos. 971-975), and the rock here is to be considered a phase of the 
massive rather than of the schistose portion of the Kawishiwin. 

White Iron lake. At the rapids, at the outlet of White Iron lake, a siliceous mica schist, cut at the lake 
level by an east and west dike, contains magnetic jJaspilyte, the structure standing nearly vertical, and the rock 
contains garnets as well as pyrite. This ferriferous belt extends both eastward and westward. It appears on 
Garden lake, and is perhaps the same that extends through sec. 30, T. 63-11, and to Ely, where it furnishes the 
iron of several mines. At the same time there are known exposures of jaspilyte further south, some of them not 
far from the northern limit of the granite in T. 62-12. Indeed, the rather fortuitous distribution of the deposits 
of iron ore in the greenstones and in their derivatives, the mica schists, makes it impossible to trace them far, and 
rather impels to the idea that they cannot be stratigraphically collated, inter se, and that the only grouping 
that can be warrantably offered is to state simply that they are scattered through the Kawishiwin Archean, 
without observable order. 

The syenyte along the west side of White Iron lake, in sec. 6, T. 62-11, is represented by No. 952, which is 
coarse, weathers red, in massive domes, like an irruptive rock, and on the east side of the lake (about centre of 
sec. 12, T. 62-12) is in contact with an old basic irruptive (Nos. 1128, 1131), similar to that mentioned at the 
northwest end of Birch lake. Such intrusion of this acid rock into dark hornblendic rock is common along the 
west side of White Iron lake and north of Long lake. It is possible that this hornblendic massive rock is only 
the contact phase of the greenstone. Indeed, its relation to the granitic rock of the region is the same as that of 
the greenstone to the granite. The greenstone in general is the oldest rock known in the region, or in the state. 
But whether the fragmenta] part or the distinctly massive is the older, there is as yet no warrant other than 
hypothesis for saying. Of course, the dikes that cut the greenish graywacke, as at Ely (No. 1186), are younger, 
but these dikes are not known to be of the age of the great greenstone of the Kawishiwin. 

Bireh lake and vicinity. The shores of Birch lake are partly in the gabbro and partly in granite. On the 
east side of Birch lake, about N. W. 14 of sec. 20, T. 61-11, is a perpendicular bluff of coarse gabbro, rising about 
thirty-two feet above the lake, having large rhomboidal fallen masses lying at the foot. It faces west, and shows 
on the perpendicular wall a coarse-bedded structure, brought out by the grooves that run across the wall produced 
by unequal weathering. These dip toward the south at an angle of forty degrees from the horizon, the large 
grooves being from three to five feet apart, but sometimes having more frequent finer ones between them. 

These grooves are due to the weathering out of a mineral which happens to have been more abundant in 
these lines, compared to the other minerals, than in the restof the rock. Thissame mineral is found throughout 
the rest of the rock, though not arranged in gneissic order, and its more rapid disintegration causes numerous 
small pits over the weathered surface. On making examination of this rock in thin section (rock No. 954) it 
presents a beautiful illustration of an olivine gabbro with biotite. The apparent bedded structure of the face of 
the cliff is caused by the more rapid decay of the olivine, which lies in greater abundance along certain lines. 

At about the section line between secs. 29 and 30, T. 61-11, on the south shore, is another perpendicular 
bluff of gabbro. . Indeed, numerous nearly perpendicular bluffs, from thirty to fifty feet high, made of this rock, 
appear at the shore through section 30, while on the north shore they are gradually ascending from the water 
level. This is owing to the prevalent dip of the main structural planes of the galbbro being toward the south, or 
southeasterly. 

A curious fact is the quick change in the character of the boulders, as the character of the underlying 
rock changes. In the syenyte region they are mainly of syenyte, but where the gabbro begins they immediately 
become almost wholly of gabbro. The decaying olivine gives a pitted surface to nearly all of the boulders. 

Some of the syenyte (or granite) seen in boulders in sec. 26, T. 61-12, has the appearance of gneissic struc- 
ture, suggesting that part of it may have been derived from metamorphism of sedimentary rocks (No. 955). It 
is dark-colored, the crystals are imperfectly formed, and crowded, and much finer than in the syenyte mentioned 
seen at White Iron lake. Other parts (seen in boulders in section 26) are chloritic and dark-colored (No. 956), 
and some slabs appear like a micaceous uartzyte, but may be a somewhat changed olivine rock (No. 957). 

The little point on the north shore, situated in the N. E. 14 of the 8S. E. 14 of sec. 21, T. 61-12, consisting of 
a breccia of mica schist cemented by granite (No. 958), shows the manner of contact. The granite goes generally 
in all directions, embracing the mica schist, and also appears as isolated masses. It also runs parallel to the 
schistose structure, producing a bedded gneiss, which dips about west 75° from the horizon. This is the same 
as the mica schist and interbedded granite seen on the north side of Vermilion lake. No. 958A shows some of 
this mica schist, while No. 958B shows the nature of a narrow vein or ‘‘dike” of the granite, and the full width 
of it (about one-fourth of an inch), beyond which it continues, but gradually diminishes to a needle point, and 
vanishes in the schist. It is hard to understand how a true igneous dike could thus fade out. It seems to 
disappear because the mica gradually prevails over the other minerals and converts it into mica schist, which 
itself seems to contain only the minerals seen in the granite. 

Through the western part of sec. 22, T. 61-12, on the north shore, only the igneous looking, coarse-jointed 
syenyte can be seen. It is coarsely crystalline, has a bedding structure similar to what can be seen in the trap- 
rocks of lake Superior, but in the eastern part of the section a fine-grained, red-weathering bedded granite 
appears, both near the shore and also in a bluff at some rods from the shore. The bluff that faces the lake has 
the appearance of being an old wall of masonry, the rough, thin layering appearing about as distinct as the 
courses in a rubble wall when pointed with mortar by the mason and smoothed by the trowel. The beds are 
from four to eight inches thick, and dip easterly about 5° from the horizon. This granite, which is fine-grained 
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and micaceous, extends eastward from the S. E. 14 of sec. 22, T. 61-12, and is represented by No. 959. The figure 
herewith (figure 35) shows three successive outcrops of granite. 1 occurs on the point in section 21, already 
mentioned. B is about three-quarters of a mile further east, and C is on the S. EB. 14 of sec. 22. There are 
three different types. It is yet to be ascertained whether their genesis is the same. Rock No. 961 shows the 
contact between the coarse syenyte like No. 953 as it occurs near the southwest corner of sec. 24, T. 61-12, and 
the granite Nos. 955 and 959. 


B. 


FIG. 3. SHOWING THREE STRUCTURAL TYPES OF SYENYTE. 


Sometimes in the porphyritic syenyte are bands of fine-grained syenyte, running like dikes. Sometimes 
bands of coarse granite, or granulyte (7. ¢., orthoulase and quartz), run in the same manner. These last may be 
of chemical origin. 

The relations of these different kinds of syenyte, and of granite, are expressed by figure 36, which was 
sketched from the bluff at the S. E. 14 of sec. 22, T. 61-12. 

Rock No. 964 shows a coarse syenyte, lying on No. 965, apparently conformably. No. 964A is from a vein 
(or dike) of fine granular granite, six inches wide, running across the bedding of No. 964 and blending with No. 
965. No. 954B is mica schist, a condition of No. 964A in small patches. In No. 964A is a central band of ortho- 
clase and quartz, about half an inch wide, running parallel with the sides and fading out in about four feet. 

Rock No. 965 is fine-grained granite in bedded regular dip E. 30°. No. 965A is from a vein (or dike) of 
coarse syenyte running zigzag in No. 965. 

Rock No. 966 is the lower coarse syenyte. This rises toward the left so as to appear to have been uncon- 
formable under No. 965. 

It might be presumed that the massive rock (Nos. 966 and 964) wherever it occurs in this county is igneous, 
and No. 965 is of sedimentary origin. The above figure, however, with the veins that run from No. 965 to No. 
964, and similar veins seen in the coarse syenyte in numerous other places, seem to indicate that these rocks 
have a common origin. The fact that No. 965 becomes gneissic with mica, and alternates with mica schist, thus 
apparently parallelizing the granite in the northwestern part of Vermilion lake, indicates a similarity of genesis and 
perhaps of age. What relation this has to the granite seen cutting the doleryte on the west side of White Iron 
lake is uncertain, but this seems to be a portion of the same general area. On the north shore of Birch lake the 
facts, so far as seen, indicate that the gabbro is later than the granite. 
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FIG. 3%. SUPERPOSITION IN SYENYTE MASSES. 


On the S. W. 14 of sec. 24, T. 61-12, about a quarter of a mile east of the line dividing the syenyte from 
the gabbro, is a low ridge, about fifteen rods from the shore, composed of a ferruginous olivine rock which is 
magnetic, and really constitutes an olivinitic iron ore (No. 960). The rock appears under the moss and trees in 
irregular loose pieces, evidently in place. The iron in this ore gave (when the fine-grained portions were analyzed 
by themselves) 54.1 per cent. It contains no titanium and no chromium. When the coarser crystalline parts 
were examined by themselves the iron amounted to 51.30 per cent., without titanium and chromium. This rock 
is the same as No. 1138, which was obtained from the same place by Dr. Wadsworth. Large boulders of the 
game ore are on the beach near this place. - 

There has been some attempt to exploit this locality for iron ore, but no important economic result followed. 
The shafts sunk were shallow, not exceeding forty feet, and penetrated the lower member of the Animikie (°), 
disclosing more or less of magnetic iron ore scattered through an olivinitic quartzose rock. This member of the 
Animikie varies much according to its original composition and the completeness of the recrystallization to which 
it has been subjected by the heat of the gabbro. It is illustrated by several numbered rock samples—as Nos. 
960, 402H, 404H —which represent it in its crystalline state. It extends eastward with more or less of mag- 
netite, and has been wrought at several points in an exploratory way. The recent exploration known as the Gun- 
flint Lake iron mine, near Akeley lake, was in the same stratum. The peculiar lithology of this stratum will be 
described in another place. It is the formation which, at several points, has been mentioned by geologists as 
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“actinolite-magnetite schist.” Along with very varying amounts of actinolite the rock contains more olivine, 
some augite, frequently diallage, occasionally enstatite, and hornblende, and in many places the polysynthetic 
twinning indicates that, as claimed by Lane and Sharpless,* the mineral called actinolite is nearer griinerite, while 
its chemical composition is near cummingtonite. 

At another point on the beach, about a quarter of a mile further west, is a small exposure of granulitic 
gabbro (No. 962), the rock being dark-colored, the augite being replaced, apparently to a large extent, by mica, 
and the olivine being rusty. Very near this place, but lying to the west of it, and indeed almost in contact with 
it, is a large mass of fine-grained granite, and such stone makes the boulders of the beach. This must be very 
near the contact line, as these large pieces form almost a continuous rock surface, broken only by opened jointage 
and covered somewhat by smaller blocks. 

The point at the section line between secs, 23 and 24, T. 61 12, on the north side of Birch lake, is made of 
porphyritic syenyte, like No. 953, but a little east of the point, a few rods back in the woods, is a small ridge of 
tine-grained red syenyte, resembling the “red rock” back of Grand Marais. It is represented by No. 963, and it 
lies in a position similar to that of the fine-grained rock No. 959. 

Mr. Grant examined the bay in secs, 21 and 16, T. 61-12. He found on the north side of sec. 21 the rock 
No. 907, in the form of a vein (or dike) cutting coarse syenyte. It is evidently a decayed or changed svenyte, 
some of the hornblende having been replaced by an epidote-like mineral and some changed to a greenish-silvery, 
foliated, chlorite-like mineral, by far the greater part being rather coarse, pinkish orthoclase. At another point, 
north of the section line, on the west side of the bay, he met with a coarse syenyte cut by a two-inch vein of fine 
syenyte. his coarse syenyte shows the hornblende is passing to mica (see sample No. 918). In other places 
has been noticed a mingling of black mica with hornblende in the coarse syenyte. Sometimes, also, in the gabbro 
the olivine is embraced in the central part of the augite crystals. No. 968 represents the rock mentioned above, 
where hornblende is so associated with black mica that it seems to pass into it, the rock being cut by a two-inch 
vein, or band, of much lighter colored, or reddish, fine syenyte. Both rocks are very quartzose. 

An isolated rock, in place though, stands up in the water, in the bay, in the S. W. 14 of sec. 28, T. 61-12, 
exactly like the mixed mica schist and granite described on the point in the N. B. 14 of the S. E. 14 of sec. 21, 
T. 61-12. It here dips N-N. W. 73° to 80°. =m 

A dark dike, eighteen inches wide, runs northeast, and shows on the face of the coarse 
svenyte, descending to the water, in the S. E, 14 of sec. 29, T. 61-12. Sample No. 969 is so 
taken that it shows the contact with athin transverse vein, that crosses this doleritic dike 
of feldspathic rock, which seems to have been deposited chemically ina fissure in the dike, 
as it is not connected with the adjoining syenyte. Figure 37, herewith, shows this. 

This dike, which consists almost wholly of hornblende where sketched above, changes 
gradually to mica schist (No. 970)... No. 971 shows its contact with the wall of syenyte, the 
dike here being changed entirely to mica schist. 

This change in this dike seems to indicate that other local appearances of mica schist FIC. 3. 
in this syenyte, such as that seen on the point inthe S. E. 14 of sec. 21, T. 61-12, may be FELDSPATHIC VEIN 
ascribed to the changed condition of an igneous rock, such as this undoubtedly was. In CROSSING DOL- 
this mica schist, thus changed from some igneous rock, there is a superabundance of mica, nee 
and the white ingredient is not certainly quartz. 

At a point a little further north from this dike, on the same section, is a promontory of gneiss, the rock 
being striped with the gneissic structure, the striping dipping south 85°, but being somewhat contorted. Some 
of this rock is fine-grained, hard quartzose, granite, and in it occasionally are nodules of mica schist, resembling 
the rock No. 970. This gneiss is represented by No. 972. 

This gneiss continues westward to the town-line hetween Ts. 61-12 and 61-13, but is rather less distinctly 
banded, or bedded, than a typical gneiss. and instead coarsely fibrous in a direction coincident with the supposed 
prevalent dip, the coarse bars or contorted sheets, whichever they may be styled, showing a striation, or schis- 
tose structure seen from different directions, and sometimes manifesting the same illusory dip as seen in the dark 
gneiss or mica schist, mentioned in the northwest part of Vermilion lake. Asa gneiss it is very irregular. It is 
more correctly an irregular alternating of two rocks than a gneissic arrangement of minerals, though the latter 
structure can also be seen in some large patches. The rocks so alternating are syenyte, fine syenyte, fine granite, 
micaceous granite, and mica schist. 

On careful examination over contiguous and continuous surfaces, the mica in this rock can be seen to be 
replaced by hornblende, and then it becomes dark, firm and dioryte-looking, but still twisted and contorted with 
a light-weathering svenyte, and often mingled with a true granite of fine grain. In short, there seems to be a 
transition from mica schist, as before surmised, to hornblende schist, this change taking place according to the 
less or greater exposure and disintegrating action of the elements (compare No. 1134). 

The manner in which this dark rock incloses parts of the lighter rock will allow of its being originally an 
igneous rock. On the other hand, the manner in which the syenyte acts, with respeet to the mica schist, seems 
also to allow of its having been an eruptive rock. 

No. 973 shows this rock in its hornblendic aspects. These (two) specimens were obtained from near con- 
tact with white-weathering, fine-grained mica granite, or gneiss, the latter being in strings, blocks and masses of 
all positions and shapes. 


*LANE and SHARPLEss. Notes on Michigan minerals. Am. Jour. Sei. (8), xlii, p. 505, 1891. 
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No. 974 shows this rock undergoing a change toward mica schist. 

Where Birch river enters Birch lake, in sec. 25, T. 61-13, the outcropping rock on the arb side of the 
river is syenyte and gneiss, dipping northeast, while through secs. 19, 20 and 29, T. 61-12, the dip is almost inva- 
riably in a southerly direction (S. or S-S. E.), varying from 45° to 80°; further south, also, in secs. 25 and 36, T. 
61-13, the dip is about south, and the rock, nearly everywhere that it is visible, is the same gneiss. But in the 
southwest end of the lake the rock is more hid by drift, and the shore-line consists of boulders and sand. A 
broad bay in sec. 36, T. 61-13, has a wide sandy beach. 

This mottled schist is again represented by No. 975, got at the extreme west end of Birch lake, near the 
head of the bay south of the mouth of the river. The samples are dark-colored, but the face of the bluff from 
which they came, sometimes about half of it, is light-colored. The rock seems to have been in some places 
originally a fine-grained dioryte, the feldspar not being individualized, but in others to have been fissured and 
the fissures filled with chemically deposited quartz and orthoclase. 

The round point in the northwest part of sec. 31, T. 61-12, is made up of a syenyte which in some places 
shows the same gneissic structure, the latter being in narrow bands dipping south and in isolated included 
pieces. These patches are micaceo-hornblendic. This structure seems to gradually become less and less 
common in this direction (7. e. easterly), and to be most prevalent in the northwest part of the lake. 

The syenyte in the N. EF. 14 of sec. 31, T. G1 12, is massive, but embraces lenticular, elongated and irregular 
masses of tine-grained quartzose reddish granite, and the same also in veins. The hornblende grains have their 
elongation in the direction of the hitherto prevalent strike, producing a kind of structural arrangement that can 
be compared to that of gneiss. 

There is an accumulation of tine, black, feebly magnetic sand on the beach at the S. W. 14 of sec. 33, T. 
61-12, near the mouth of a little rivulet. This probably is derived from the disintegration of ne olivinitic 
iron ore at a short distance from the beach, similar to that seen on the north side of the lake (No. 960). This 
sand, on analysis, gave the following result: 


Silica, - : : : : ; ; 5.19 


Metallic iron, : : : : : 2 77 4 : = : 41.12 
Titanium dioxide, : ae - : 2 : : : : 2 ‘ 36.77 
Alumina,~— - - - - . - : - : : : 2.95 
Lime, - - - - - - - - é : : Trace. 
Magnesia, - - - - - : : : : : 5 ‘ : 35 
Phosphorus, — - - - - - - - - : - - - None. 


Drift deposits cover the rocks from this point northeastward to the S. BE. 14 sec. 28, T. 61-12, where a dark- 
colored, dioritic rock appears conspicuously on the shore. Here the dark ingredients of the rock are so 
intimately blended that they appear to be changing from one to the other (rock 978), the mica scales originating 
within the hornblendes in a position transverse to the fibrous grain of the hornblende. A short distance to the 
south of this the rock is gneiss, though on the north side, near it, but disconnected, is a similar outcrop of coarse 
syenyte. Some of the last weathers red and some light gray. At the next point north is a still more conspicuous 
exposure of coarse syenyte veined by tiner red syenyte. 


The Giant's range. The particular geology of the Giant’s range, which consists 
of granite and granitic rocks, and which is accompanied closely on the southern 
slope by the iron deposits of the “Mesabi iron range,” will be found in connection 
with a series of special plates devoted to the Mesabi iron range (plates 73 to (7 
inclusive, in St. Louis county). 

This range consists, in general, of an elevation rising from 300 to 500 feet above 
the adjoining average level. Toward the north the descent is generally more rapid 
than toward the south. The rock is mainly of granite, but more or less of green- 
stone, and of its modified condition the crystalline schists, accompanies the granite 
on both sides. The general appearance of the topography, and the general structure 
of the range suggest a dike-like protrusion of igneous rock into the earlier green- 
stones, etc., along a fault line, or a line of structural weakness; but as the igneous 
granitic rock extends much further north than the hypothesis of a dike-like protru- 
sion warrants, being known as far north as the Embarras river, where crossed by 
the Duluth and Iron Range railroad, it is more probable that the general movement that 
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gave rise to the (iiant’s range granite was also of the nature of a regional metamor- 
phism and fusion of the older acid rocks, over an area running about parallel with 
other granitic belts of the northeastern part of the state and of adjoining portions of 
Canada. 

Tron-bearing rocks. On the southern side of the Giant’s range, lying on the 
granite or on the greenstone, are the iron-bearing rocks of the Mesabi iron range,— 
the iron range having taken its name further east, where the iron-bearing strata are 
a portion of the Mesabi range proper, which consists essentially of gabbro. These 
iron-bearing strata are the lower portions of the Animikie formation, and constitute 
the base of the Taconic or Lower Cambrian of the state. The bottom member is 
usually quite coarse, and even conglomeratic at the base, but often very fine higher 
up. Its nature depends on that of the Archean, which was nearest, and supplied its 
debris. When it hes on the granite the bottom is siliceous, the quartz grains of the 
coarse quartzyte having a peculiar lavender-blue tint, revealing the source from 
which it came, for such are frequent in some parts of the granite of the Giant’s 
range. When it lies on the greenstone, there is a liberal supply of green, horn- 
blendic debris, which not only is mingled with the quartz grains of the quartzyte, but 
also constitutes sometimes independent strata of itself, the thickness of which never 
reaches, however, that of the quartzyte. 

Sometimes in the quartzyte, but more frequently at a somewhat higher horizon, 
iron oxide, in the form of hematite, or, toward the east, in the form of magnetite, 
begins to be apparent, and this increases so as to constitute the iron ores of the 
Mesabi range. Mingled with this iron oxide, which is finely granular, is a peculiar 
form of crystalline silica, and more or less of glauconite. The various shades of 
chemical interchange between the glauconite, the silica and the iron oxides give 
various grades of purity to the ore and various colors to the rock. The siliceous 
rock which involves these transitions, sometimes a fine, gray or red, flint-like rock 
and sometimes more coarse and apparently more calcareous, and again constituting 
al impure iron ore, has been distinctively named taconyte,* and that term is eur- 
rent among the explorers and miners as indicating the presence of a more or less 
iron-bearing rock peculiar to the region. The most reliable, obvious character that 
this rock presents is an opaque, flinty ground mass in which are floating globules, 
nearly round, of a different color, usually red, making a spotted bloodstone. But 
the iron oxides and the silica are not always so distinctively grouped, and the result 
is an indefinite blending of silica and iron oxide in which the colors are in streaks 
or bands. The -rock also passes into strata which are in large part made up of 
fragmental debris. It isin connection with this rock that the great iron bodies of 


*H. V. WINCHELL. Twentieth Annual Report, p. 124. 
J.E.SpurR. Bulletin No. X, pp. 248-49. 
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the Mesabi range have been formed, and they are sometimes more than 200 feet in 
thickness. The iron is granular and pure, and can be mined by the cheapest 
methods on a grand scale. The prevalent method 1s by steam shovel which, with 
one movement, transports the product from its place in the mine directly to 
the railroad car. The entire thickness of the taconyte member is from 4500 to 
1,000 feet, but no ore body of this thickness has yet been discovered. 

Above the ore horizon are the black slates of the Animikie, which, with their 
alternations of gray quartzyte, reach a greater thickness, amounting, perhaps, to 
several thousand feet. At the bottom of the slates is seen sometimes an interrupted 
layer of gray limestone. Where the strike of the gabbro protrusion crosses the 
Animikie, and especially the lower portion of it, the Animikie has been greatly 
modified and crystallized. giving rise to magnetic ore and to interesting petro- 
graphical phenomena, which are more fully mentioned elsewhere. These features 
are developed between Birch lake and the Duluth and Iron Range railroad. The 
effect of the gabbro, which was introduced after the completion of the Animikie, 
was to consolidate the fragmental quartzyte into a erystalline one in which those 
ingredients which were not originally quartz have served for the generation of 
several minerals that are usually found only in the basic igneous rocks, such as 
diallave, enstatite, olivine and hypersthene. Besides these are found also, with 
magnetite, hornblende (actinolite?), augite and griinerite, as well as striated feld- 
spars. Thus, in the presence of a practically limitless supply of silica, were gener- 
ated, under the action of the heat of the gabbro, a number of the most basic of rock- 
making minerals, In general this belt of altered quarzyte has been designated by 
some “actinolite magnetite schists,”* although actinolite is a minor constituent. In 
the reports of the survey this belt has been referred to as olivinitic quartzyte, and 
olivinitic magnetite. It is not markedly separated stratigraphically from the true 
iron-bearing member, in some places, but the two are closely related.t 

The strong topographic characters of the Giant's range subside in the eastern 
limits of this plate, and in the vicinity of Birch lake, where the gabbro strike inter- 
sects it, there is a general falling away of the level of the granitic area, and the 
gabbro range becomes the chief topographic feature. At the same time, toward the 
east, the granitic area itself dwindles to a narrower belt,and it is finally entirely lost, 
being overwhelmed by the later basic intrusive. This takes place in Lake county. 

The Mesabi range is the elevation caused by the gabbro. Owing to the prev- 
alence of the drift, southward from the Giant’s range, but few rock exposures are 


* AH. ELETMAN. Torrentyesecond Annual Report, p. 150. 

W.S. BAYLEY. cAmerican Journal Sceicace (3) xivi, 176. 

+Since the above was written it has been ascertained that the greater part of the olivinitic iron ore of the Mesahi range 
ax above described, and the other peculiarities of mineral combination produced by the gabbro, are no part of the Mesabi range of 
the Animikie formation, but are modified conditions of the Keewatin at points where the Keewatin locally carried jaspilyte, due 
to the gabbro. Consult the chapter on Structural Geology. The Animikie proper is not known in this county further cast than 
the vicinity of Iron lake in T. 6-13. 
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known, and the actual boundary of the gabbro, southward from the Duluth and 
Iron range railroad, whether on the west or on the east, is unknown. The plate 
represents this belt but approximately. To the eastward of this railroad the width 
of the gabbro belt is greater, but cannot be expressed with definiteness. Its relation 
to the lavas represented at the southeast corner of this plate is not ascertainable by 
anything known withm this area, but is stated in connection with the description 
of the southern part of St. Louis county, and in the discussion of the structural 
geology (vol. v). 

The gabbro is favorably exposed at Allen and Allen junction, and at various 
places south and east of those points, rising in irregular, low rocky domes, about ten 
to thirty feet above the surrounding country, thinly covered by a coarse drift which 
is frequently in the form of ridges and hills of boulders and coarse gravel, suggesting 
a morainic belt. At points further south Mr. A. D. Meeds, who examined the region, 
has reported but few outcrops of gabbro. They are mentioned in the special descrip- 
tions (foregoing) of the various towns in which they occur. The most remarkable is 
that known as Grandmother hill, in T. 07-13, on the line between sections 8 and 17, 
which is of low conical form, with an abrupt elevation of about 200 feet, according 
to Mr. Elftman, above the surrounding general surface, which is rather wet and 
swampy. The rock of this Jull (No. 187K) is a rather fine-gramed, gray gabbro. 
Other exposures are alony the branches of the Cloquet river, viz., sections 19 and 30, in 
T. 55-12, and at points already mentioned further south, in the description of plate 66. 

The surface laras, represented in the southeast corner of this plate, are the same 
that appear at the lake shore at Duluth and eastward, and are more fully shown on 
the preceding plate (66). They have been visited by Mr. Meeds, who collected from 
the town next south the rock samples Nos. 30M to 35M. The samples are not 
amygdaloidal, but porphyritic, fine diabases, and resemble those which at Duluth 
follow immediately after the massive gabbro, some of them being of the red-rock 
series. They have not been microscopically examined, but their affinities are appa- 
rent. It is evident that the suecession from the gabbro to these surface rocks here 
is of the same general character as exhibited at Duluth, the gabbro being the ‘eser- 
volr or deep seated source from which the lavas issued, differing only because of 
environment at the time of cooling. The acid element is erratic and occasional, 
depending upon the amount of admixture of the basic intrusion, at any certain point, 
with the rock resulting from the fusion of the clastics. They alternate and intersect, 
but were practically of about the same date. 


Rock samples collected in the north part of St. Louis county are as follows: Nos. 358-442; 864-947; 
952-978; 1001-1003; 1015-1023; 1132-1140; 1447 1452; 1501 1514; 1546-1572: 1617-1642; 1688-1708; 1710-1714; 
1786-1795; 1954-1965: 1981-2029: 2092 2128; 2135-2144; 2275 -2280. 

Series of U.S. Grant: Nos. 115G 127G; 129G-131G; 278G-298G; 1009G 1016G; 1021G-1024G; 1056; 1057; 
1070G-1099G. 

Series of A. H. Elftman: Nos. 1E-26E; 139% 145E: 187E; 259K. 

Series of A. Winchell: Nos. 1W-92W; 107W-125W; 136W-137W; 151bW-173W; 282W-293W; 988W-999W. 

Series of H. V. Winchell: Nos. 1H-29H; 160H-212bH; 286H-406H; 418H-419H. 


CHAPTER XI. 


THE GEOLOGY OF LAKE COUNTY. 


(PLATE 68.) 


By N. H. WINCHELL. 


Situation and area, This county, situated between St. Louis and Cook counties, 
spans the geology of the Taconic and the Archean, extending as a broad parallel-sided 
belt from lake Superior to the international boundary. Within its area are illustrated 
most of the prominent geological features, and many of the interesting economic as 
well as scientific problems that have arisen during the prosecution of the survey. 

Three chapters, covering the belt of country containing the most of the iron 
ores, will be found to give more details of the tield observations, and also more 
detailed mapping, than the presentchapter. These are chapters xxviii, xxix and Ixxx.* 


Since the publication of the Twenty-third Report numerous observations have have been recorded, but 
remain unpublished, in the note-books of Grant, Elftman and N. H. Winchell. These later examinations, serving 
to correct some former ideas and supplementing others, and also extending our knowledge into the interior of 
the county in greater detail, are the chief basis of this chapter. The rock samples of these later observations 
are listed in the Twenty-fourth Annual Report. 


Topoyraph y. Lake Superior being 602 feet above sea level, the county is found 
to rise about 1,250 feet higher, the greatest elevations being on the Mesabi range 


The examination of this large area has been carried on since 1X78, but with interruptions, Preliminary fleld descriptions 
and geological conclusions have been published in the annual reports as follows. The list is here given in order that the original 
data may be consulted, if it ever becomes necessary, but the summary given in the present chapter is intended to supersede all 
former statements when they are found to differ: 

Ninth Report, pp. 2-42; 85-92. This deals with the rocks of the lake Superior shore, and those collected along the northern 
borders of the county, and on Bassimenan and Fall lakes: by N. H. WINcHELL. 

Tenth Report, pp. 81-42: 61-04, 90-98, 10-116. This deals with the rocks of the lake Superior shore and those from the 
vicinity of Ogishke Muncie lake: by N. H. WincHeLn. 

Fifteenth Report, pp. 310, $20; 827-383; 341-8e2; BMV; Se2-G0N. This deals with the northern part of the county; by N. H. 

WINCHELL. 

Pages 58-117; 119-171. This deals with the northern part of the county: by A. WINCHELL. 
Pages 406-413 ; 416-419. This deals with Bassimenan, Knife, Preudomesser and Ogishke Muncie lakes; by H. V. WINCHELL. 
Sizteenth Report, pp. 8-112.) Northern part of the county: by N. H. WINCHELL. 
Pages 195-828 ; 379, 380; 386, 347. Northern part of the county: by A. WINCHELL. 
Seventeenth Report, pp. 96, YF; 9-108, 110-128; 188-144. The northern part of the county, especially with T. 68-9, and also 
witha trip across the country to lake Superior; by H. V. WINCHELL. 
Pages 151: 161-168; 186-191; 194-200; 202; 204-210; 215-215. Northern part of the county, and also with a trip across the 
country to lake Superior; by U.S. GRANT. 
Twentieth Report, pp. 39-82, 90-9. This deals especially with the outlines of the granite areas of the Kawishiwi river, 
Snowbank lake and Kekequabic lake; by U.S. GRANT. 
Pages 181-280, for the abandoned beaches, etc.,of the whole north coast of lake Superior. The beaches in Lake county 
are described on pp. 287-242: by A.C. LAwson, 
Twenty-first Report, pp. 155-160, 143-152. Deals with the northern part of the county, and especially with Snowbank lake 
and with the nature of the rock called muscovadyte; by N. H. WINCHELIL. 
Pages 5-06. Deals with the northern part of the county, especially with the district just south of the Ottertrack lake; by 

U. 8. GRANT. : 
Twenty-second Report, pp. 141-18); 182-189. Lake county in general, especially with the anorthosytes, and the Snowbank 

lake area; by A. H. ELFTMAN, 

Twenty-third Report, pp. 224-29). Deals with the gabbro; by A. H. ELFTMAN. 
Bulictin viii, pp. 1-28; the anorthosytes; by A. C. LAWSON, 
Pages iii-xxx. The Norian in general: by N. H. WIncHeun. 
Twenty-fourth Report. Deals with the greenstones and the gabbro, and especially with the regtons of the Kawishiwi 
river and Snowhank lake; by N. H. WINCHELL and U.S. GRANT. 
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1. POoInt on Sec. 1], T. 03-10, NEAR ENCAMPMENT ISLAND, 


DESCENDING RAPIDS IN THE KAWISHIWI 
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Elevations.) 


across the south central part of the county, viz.: in Ts. 58-8, 58-9, and 58-10, and in 
Ts. 59-6 and 59-7, where the broad swells of the red rock rise to 1,800 or 1,850 feet 
above the sea. This isa broad, undulating plateau, generally deeply covered by drift, 
from which nearly all the streams of the county take their source. Southward from 
this plateau there are comparatively few lakes, but toward the north they are very 
numerous, and in the northern one-third part of the county they are so frequent, and 
the streams are so large and steady, that most of the travel is done by canoe (plate EB, 
figure3). Hereare found Snowbank, Moose, Wilder, Alice, Fraser, Thomas, Kekequabice, 
and many other lakes, while along the international boundary isa continuous and deep 
water-course, mostly formed by lakes, such as Ottertrack, Knife, Bassimenan (Bass- 
wood) and Crooked lakes. These more northern lakes lie in rock-bound basins, and 
their outlets are over the rocky rims, which generally are not visibly cut back by 
erosion. The rocky structure, in its main trend, is expressed by the forms and direc- 
tion of elongation of these lakes. The water along the northern boundary descends 
westward, and reaches the valley of the Red river of the North, and finally enters 
Hudson’s bay. Ottertrack lake, at the northeastern corner of the county, has an 
elevation of 1,387 feet; Knife lake 1,382 feet; Sucker lake 1,330 feet; Bassimenan 
lake 1,300 feet, and Crooked lake, at the northwest corner of the county, 1,245 feet. 


Altitudes in feet above the sea. 


Determined by aneroid barometers, excepting several lakes designated by asterisks (*), whose hights are 
known by leveling: 


Feet. 
Fox lake, - - : : : : : é : Z : *1 539 
Ovishke Muncie, - : . , 2 ; : : : : #1488 
Dike lake, - : ‘ : ; , i : : : : : *] 491 
Zeta lake, - : : : : : : 2 . : . : #1490 
Epsilon lake, - : : ; é ; : : 2 : , : *1 460 
Delta lake, : : : : : : a : : : *1,469 
Gamma lake, - : : : : ; : : : : , : *1 470 
Beta lake, - : - : : : S wh : : : 5 #1475 
Alpha lake, — - - - - - - . - - . - : *1,495 
Kekequabic lake, - - 2 . : . - - - - - *1 497 
Knife lake, a : - - - . - - - - *1 (381 
First lake west of Knife lake, = - : : . - - - - *1 371 
Second lake west of Knife lake, - - . - - - -— - - *1] 367 
Third lake west of Knife lake, - . - - - - - - *1 361 
Carp lake, : Z : : : - - : - - : *1 355 
Sucker lake, 2 : : : . : : z : : : *1 330 
Bassimenan lake, : : : x ; : . - . - . *1,300 
Newton lake, - : - . - - *1 307 
Long lake, - : : : : - - - - - *) 337 
Friday lake, : : : : : : - - . eae 
Fall lake, z : : : 2 - : - - - 1,313 
Garden or Eve lake, : : : : . - - - - - *1,384 
Farm lake, _ - - - ; : - - - - 1,386 
White Iron lake, - : : s - - - - - - 1,395 
Birch lake, —- : : : : : - ‘ - Z : 1,410 
Copeland's lake, - - - - - - . : chee 
Fork of the Kawishiwi river, sec. 26, 7; 63-10, : - - - - - .- 1,435 
Crab lake and northeast elbow of Kawishiwi river in sec. 15, T. 63-9, : : - 1,487 
Ridges about !4 mile north of the Kawishiwi river, in the northwest part of T. 63-9, about ee 


Large lake on itis Kawishiwi river, in the southeast part of T. 63-9, - - 
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Feet. 

Lake of Kawishiwi river, sec. 33, T. 63 8, - - - - - . - 1,520 
Wilder lake, - - - - - - - - - - : - 1,540 
Lake Alice, - : - - - - - - - - - 1,544 
Triangle lake, - - - - - - 1,490 
Northwestern lake, , : : : - - - 1,475 
Bassimenan (Basswood) lake, - - - . - - - - *1 300 
Sucker lake, - - - : - - - - - - - 1,330 
New Found lake, - : : : : : - - - - . 1,331 
Wind lake, : - - : : : : : - - - 1,359 
Moose lake, — - a. ‘is : ; - - - 1,339 
Jasper lake, - - - - ; - - - - - *1 387 
Snowbank lake, - 3 - : ; : - - - - *] 494 
Ensign lake, - - : : é - . - . *1 342 
Disappointiment lake, . : : Me . - . - - 1,499 
Disappointment hill, sec. 35, T.64 8, about 1 mile east of this lake, - - - 1,850 
Gabbro lake, - - - : - : - - : 2 - - 1,474 
Bald Eagle lake, - . - - : : : : : - - 1,478 
Lake on the Isabelle riy eT, Secs. 29 and 32, T. G2 8, - : 2 2 : . 1,533 
Lake Isabelle, - - - : - é - : - . - 1,570 
Bellissima lake, : 2 : : : : - - - 1,650 
Harris lake - - : : : : é “ : : - 1,580 
_ Slate lake, - - - : : , : “ - - - - 1,640 
Stony lake, - . - . . : - 5 - - - 1,668 
Sand lake, : : : - 2 : 3 : 3 : - - 1,674 
Greenwood lake, — - : : : : : : : 2 1,705 
Greenwood mountain, see. 30, T. 58-10, about 1! » miles south of this lake, : - - 1,850 
Lakes in the west part of T. 59 11, at the head of the St. Louis rive r, - : 1,685 
Seven Beaver lake, — - - : F : é : 1,675 


Pine lake, - - - - - : : ; : : 7 1,705 
Pike lake, z : : : : . : : 


- 1,700 
Lake in see. 22, T. 599, - S 3 ‘: ; z : : 1,745 
Muck lake, at the head of Stony river, : : ; . : : ‘ 1,755 
Smokehouse lake, - - ; 2 BR “-«¢ 7 . 1,740 
Clear lake, — - 2 z 5 : . : 3 ; : ; 1,704 
Adams lake, - - . Z : : : : 7 A 4 1,800 
Schaff's lake, - - . . : Z é : . : : : 1,089 
Bear lake, - - - - - = . = : z 2 : 1,160 
Lake Superior, mean, 1470-1888, above mean tide sea level, : : F e 5 *602 


Portages on the Stony river. 
From Birch lake (1,410 feet above the sea) to Slate and Pike lakes and the lake in sec. 22, T. 50-9. 
Ascent To altitude 
No. Length. Location. 


in feet. above the sea, 

1. J, mile 8. E. 14 see. 30, T. 61-11, - - - - - 10 1,420 

2. 14 mile N. EB. 1, of N. E. 14 see. 31, T. 61-11, a 5 20 1,440 

3. 1 rod S. W. 1, of N. BE. 14 see. 31, T. 61-11. - - . - 1 1,441 
4. 13 mile North ‘atl of S. EK. 14 see. 31, T. 61-11, — - - - G 1,447 

D. Iy mile Crossing south line of section 31, - . : : 24 1471 

6. !, mile N. E. 14 of S. E. 14 see. 6, T. 60-11, - : - 15 1,486 

7. 30 rods N. W. 4 of N. W. 14 see. 8, T. 60-11, - : é 20 1,506 

8. 1, mile W. 16 of S. W. 14 see. 8, T. 60-11, - : G9 1,57 

9. 1; mile S. W. 14 of N.E. 1, see. 17, T. 60-11, 


1,590 
1,595 


1,602 
12. 8 rods S. W. 14 of S. W. 1, see. 10, T. 60. 11 


1, 
iG D 
10. 14 mile North alas of S. W. 14 see. 16, T. 60-11, 5 
18 7 
1, see. 10, T. : - 5 5 1,607 
13. 14 mi - . 5 
2 


ll. 1, mile S.W. M4 of N. E. 14 sec. 16, T. 60-11, 


= 


ly mile Cental part of sec. 10, T. 60-11, 1,612 

14. Short rapids.—-N. W. 1, of S. E. 14 sec. 10, 'T: 60-11, 1,614 
The usual portage instead of the inet three is three-fourths aiite long, fain 

the northwest corner of section 15 to the N. W. 14 of the S. E. 14 of see. 10, 


15. 3; mile Kast part of section 11 and west part of eesti 12, - 10 1,624 
16. 1, mile S. 46 of section 12, T. 60-11, : : Be: : 10 1,634 
17. 11; mile . Current and rapids to Slate lake, - s 6 1,640 
18. 3; mile Across eastern part of sec. 17, T. 60-10, to Chub fate. - 15 1,650 


19. 25 mile Southeast through N. W. 1; see. 21, to Stony river at Head- 
quarters Camp, near the centre of this section, - 10 1,665 
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No. Length. Location. nage atcce none. 
20. Short rapids.—N. W. 14 sec. 34, T. 60-10, to Stony lake, - - - 3 1,668 
21. 1 mile Crossing N. W. 14 sec. 35 to Pike lake, - : : 32 1,700 
22. 1 mile S. 14 of sec. 31, T. 60-9, 2 : é : Z 28 1,728 
23. Current and rapids to lake in sec. 8,T. 59-9 . = , - 11 1,739 
24. Current and rapids to lake in sec. 22, T. 50-9, : Z : : 6 1,745 


Portages on the south branch of Isabelle river. 


In ascending the Isabelle river from Bald Eagle lake (1,468 feet above the sea) a portage about a half a 
mile long is made in sec. o, T. 61-9, with ascent of 50 feet, to 1,518; and two short portages successively ascend 
two and five feet in the south part of sec. 34, T. 62-9, to the north of this south branch, near the middle of the 
east half of this section 34, at 1,525 feet. 


No. Length. Location. pies aooee hese: 
1. 10 rods S. W. 14 of sec. 3,T. 61-9, * . : 2 : , 1 1,526 
2. 15 mile S. E. 4 of N. W. 14 sec. 9, T. 61-9, - . - 3 1,529 
3. 20 rods N. 15 of sec. 16, T. 61-9, - a . 5 : - 4 1,533 
4. 15 mile S. 14 of sec. 16, T. 61-9, - . - - - 20 1,553 
D. 2 rods N. W. 14 of N. E. 14 sec. 29, T. 61-9, - - - - 5 1,558 
6. i mile N. E. 14 of N. W. 14 sec. 29, T. 61-9, . - - 4 1,562 
7. 25 rods North part of S. W. 14 sec. 29, T. 61-9, - - 8 1,570 
8. 1 mile Near the centre of the S. W. 14 sec. 29, - - - 6 1,576 

_ 9 5 rods S. W. corner of sec. 29, T. 61-9, - : : : - 7 1,583 

10. 3% mile W. 15 of sec. 32, T. 61-9, : é : - - 45 1,628 

ll. 1, mile S. W. 14 of S. W. 14 sec. 5, T. 60-9, - - - - 15 1,643 

12. 2 rods N. W. corner of sec. 8, T. 60-9, < : . : 3 1,646 

13. + mile Kast part of N. W. 4 sec. 8, to a small lake, - - - 14 1,660 

14. 15 mile S. E. corner of sec. 8, T. 60. 9, - - - - 5 1,665 

15. 14 mile S. W. 14 sec. 9, T. 60-9, - - Z - - 15 1,680 

16. 19 mile S. E. 14 sec. 9, and S. W. 1{ sec. 10, T. 60-9, - - 20 1,700 

17. 10 rods West edge of S. E. 14 sec. 10, tolake in the N. E. 14 of sec. 

15, T. 60.9, - - - - - - - 4 1,704 

18. 2 mile From foregoing lake through N. 1, of sec. 14, T. 60-9, to 

Clear lake, - : a . - - - 9 1,704 


19. 1 mile From Clear lake southwest to the South branch of Isabelle 
river in the south edge of the N. E. 14 of sec. 22, T. 60-9, 20 1,724 
20. 15 rods North edge of S. E. 14 sec. 22, T. 60-9, - - - 7 
21. 10 rods Central part of S. E. 14 sec. 22, T. 60-9, to lake on the south . 
line of this section, - : 2 x - - 7 1,738 
22. 1 mile From foregoing lake southwest through the N. W. 14 of sec. 
27, T. 60-9, to Smokehouse lake, - - - - 2 1,740 
By a series of comparative aneroid readings, the following approximate hights above lake Superior were 
ascertained in ascending the Baptism river. The simultaneous readings, extending from 8:00 o’clock to 12:30 p. 
m., were made by Mr. B. Juni. 


Feet. 
Hight of line of bearing of rock No. 127, where it crosses Baptism river, - - - 27.5 
Conglomerate outcrop, _ - - - - - - - - - - 40.0 
Foot of first fall, - - - - - - - - - - - 82.5 
[Thirty-five feet fall.] 
Top of first fall, 2 : 5 - 5 : - - : - 117.5 
Foot of second fall, _- e : - - - - - - - - 140.0 
[Thirty-five feet fall.) 
Top of second fall, - - : : : - - : - . 175.0 
Foot of third fall, : : “ - : - : - - - - 190.0 
[Sixty feet fall.] 
Top of third fall, - . : : - - . - - - - 250.0 
Foot of fourth fall, Z % : - é i - . : - : 282.5 
[Thirty-five feet fall.] 
Top of fourth fall, - : : : - - . - - - 317.5 
335.0 


N. W. 14. E. 4 sec. 4, T. 56-7, - : : : : 
Throughout most of the county, as represented on the accompanying plate, 
contour lines have been drawn, at intervals of fifty feet, but these are often only 
approximate, and many minor irregularities have been disregarded. They are 


sufficient to express simply the grand outlines of the surface. The method followed 
19 
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in determining these topographic outlines is described in the introduction to this 
volume, but special care was taken to determine the hights of lakes and rivers, along 
the more common routes of travel. Some data were furnished by preliminary rail- 
road levels, and some leveling was done by the survey. | 

Some townships, not yet subdivided by the United States government, have not 
been examined except in a very general way. In one of these is Bellissima, one of 
the largest lakes in the county. 


THE GEOLOGICAL FORMATIONS, 
The Keewatin. 


In considenng the geology proper of this county the oldest rocks will be 
described first and the most recent last. Under the term Keewatin are included 
all the clastics of the Archean. These are always more or less metamorphosed, 
but in nearly all cases their fragmental origin is still plain. The very bottom of 
the Keewatin, however, consisting of greenstones, is frequently massive, and 
apparently of originally igneous origin. 

Structurally the Keewatin is divisible into two parts, viz., Lower Keewatin and 
Upper Keewatin, and petrographically into four parts, owing to metamorphism. 
These four parts will be treated separately, and are as follows: (1) Greenstones and 
iron ores; (2) Evident clastics, ete., and iron ores; (8) Mica schists; (4) Muscovadyte 
and iron ores. The igneous rocks are divisible into: (1) Granite and igneous gneiss; 
(2) Porphyry; and (3) Later dikes of diabase. The igneous rocks, with the excep- 
tion of some of the bottom greenstones, are plainly of later date than the clastics 
with which they are associated, and are of different ages. To this statement the 
quartz-porphynies may be an exception. 

The Lower Keewatin runs in two main belts across the county. Beginning at 
Garden lake, on the western boundary, T. 63 11 west, where the two belts seem to be 
united in one, the southern arm can be traced along the north side of the Kawishiwi 
river, having a width of three or four miles, including the region of Triangle, North- 
western and Jasper lakes. With a rapid contraction it runs to the south of Snowbank 
lake, but sends a northeastward spur between Moose and Snowbank lakes to the 
vicinity of Flash lake. Eastward from Snowbank lake this belt is encroached on by 
gabbro, and suffers a change to muscovadyte and allied rocks, and it can hardly be 
distinguished as Kawishiwin greenstone until it emerges in the high range which 
appears along the sonth side of Kekequabie and Ogishke Muncie lakes. 

The northern belt maintains its superficial connection with the southern until 
in the vicinity of Saturday lake. Its width northward from Saturday lake is indefi- 
nite, as it is cut by granite and is altered gradually to mica schists. It is seen at the 
southern end of Bassimenan (Basswood) lake and about the shores of Urn lake. It 
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also appears between Moose and Wood (or Wind) lakes, and is supposed to extend 
northward to the granite of Basswood lake. It occurs again north of Knife lake, on 
Hunter’s island, constituting extensive hilly ranges. 

This greenstone is not unlike that which appears in a similar way in St. Louis 
county, and especially about Ely. It consists of two parts which are not easily sepa- 
rated, either in the field or in petrographic characters, but which, theoretically, have 
different origins, and which sometimes are quite distinct in outward characters. 
One part is massive, or at least shows no evidence of clastic characters, and is supposed 
to be the older; the other usually shows fragmental characters, and is sometimes 
quite plainly bedded by sedimentary assortment. The latter contains the greater 
portion of the iron ores of the county, at least those that are not an integral part of 
the gabbro. Together these two members constitute the Kawishiwin, the oldest 
known rock formation of the state. | 

The Upper Keewatin ies non-conformably on the Lower Keewatin, and occupies 
the space intervening between the foregoing described belts of the Lower Keewatin. 
It is first observable on the south shore of Saturday lake (Nos. 2145, 2145<A), where it 
contains greenstone pebbles from three to ten inches in diameter, and exhibits an 
unconformable relation to the Lower keewatin. It is also seen as a conglomerate 
on the north side of the same lake. I[t is not known on Urn lake, but, striking east- 
wardly and then southeastwardly, appears at the southwestern corner of Pine lake 
and extensively in the northern part of T. 63-9. It here resumes its northeastern 
direction and runs in a wide belt between Moose and Snowbank lakes, lying on both 
sides of the Lower Keewatin spur mentioned. Further northeast it is found about 
the western and northern shores of Snowbank lake, where it is converted to mica 
schist and is intruded by granite. Through here the conspicuous part of the Upper 
Keewatin is a conglomerate, but it is also finer, making argillytes, graywackes and 
green schists. It also forms the northern shores of Disappointment lake. About 
Ensign lake the shores are of finer-grained, often sericitic schist, and the same is 
true further northeast to Knife lake. These schists, which embrace jaspilyte ore, 
are of Lower Keewatin age. But about Kekequabic and Ogishke Muncie lakes the 
Upper Keewatin is quite coarse and often conglomeratic, and, as such, it continues. 
to Saganaga lake, where it lies non-conformably upon the Saganaga granite. South 
from Ogishke Muncie lake it lies non-conformably upon the greenstones of the Lower 
' Keewatin, as illustrated in the chapter (xxiii) on the Fraser lake plate. Its remark- 
able development here has given the basal part of the Upper Keewatin the name 
Ogishke conglomerate. _ , 

Although these two non-conformable parts of the Keewatin are. well known, 
and are often observable within the area of this plate, no attempt has been made to 
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show their separate areas on the accompanying plate. Indeed the most of the field- 
work was done before the significance of this conglomerate and its stratigraphic 
place in the Archean were correctly understood, and 1t was then too late to trace it 
out in the field in detail. 

Metamorphism of the Keewatin. There are two ways in which the Keewatin 
varies in character. One is due to the original differences in the debris that went into 
its composition, and hence it becomes noticeable in crosssing the strike of the 
bedding as it outcrops, from southeast to northwest. The other variation is due to 
metamorphism. This metamorphism may come on to any part of the Keewatin, 
and its product varies not only in consequence of the original sedimentary differ- 
ences, but in consequence of greater or less nearness to the centre of metamorphic 
activity. As such centres of activity are usually marked by actual intrusions of 
igneous rock, which finally are developed into bosses and irregular areas of igneous 
granite or gabbro, it is nearly always the case that metamorphism is intensified in 
the direction toward the areas of known igneous rock. It happens, however, that 
a belt of metamorphism by granite crosses this county, but oscillates noticeably in 
intensity because it is not accompanied throughout by the appearance of igneous 
rock. . 

Again, the metamorphism of the Keewatin depends on the kind of igneous 
rock which is concerned in the production of the alteration. For instance, the 
alteration produced by the granitic intrusions, or by the force which accompanied 
them, uniformly gave rise to mica schists, when the original rock was clastic and of 
an acid nature, but to hornblendic schists when the basal greenstones were affected. 
Dark gneisses, micaceous and hornblendic at the same time, and usually more or 
less siliceous, were produced when the granitic action operated on a basic clastic 
rock, such as most of the iron-bearing rocks of the Kawishiwin. The gabbro, 
however, when in contact on the Keewatin invariably produced a rock which in 
general may be styled muscovadyte; and this is true whether the Keewatin sedi- 
ments had been already altered to mica schist by an earlier granitic intrusion, or 
whether the gabbro comes on to the Keewatin without such prior metamorphism. 
The nature of this muscovadyte varies with the nature of the original, but the 
typical muscovadyte is that which is derived from a basic clastic containing at the 
same time some free quartz. This is the rock which has sometimes been called 
noryte, and has also been considered a peripheral condition of the gabbro itself. 
It varies also to the rock which has sometimes been designated in Minnesota actin- 
olite-magnetite-schist. This takes place where the original rock contained iron 
ore or jaspilyte. It also varies to the olivinitic iron ore, so-called. Indeed this 
metamorphism, which is illustrated by many specimens described in the chapter on 
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microscopic petrography, generates various ferro-magnesian minerals, the most 
abundant being hypersthene, olivine, cummingtonite (“ griinerite’), enstatite, biotite, 
augite, diallage. With these appear, according to the composition of the original 
greenstone, plagioclase, quartz and magnetite, in varying amounts. It is apparent 
therefore, that, as a general principle, the metamorphic rock produced by proximity 
to an igneous intrusive, causes the generation of those ferro-magnesian minerals, 
which are characteristic of the intrusive rock, thus tending to bring the metamor- 
phic and the igneous rocks concerned into a greater degree of petrographic similarity. 

Geographically these different metamorphic rocks are characteristically distrib- 
uted in Lake county. The granite about Bassimenan lake is intruded upon the Lower 
Keewatin, converting it into mica schist and hornblendie rock throughout a belt 
which enters the county from St. Louis county, about two miles in width, but which 
turns about the southern periphery of that granite boss, crossing the general strike 
of the Lower Keewatin, and gradually becomes narrower and almost fades out before 
it leaves the state near Sucker lake. 

In the same manner a narrower belt of micaschist surrounds the granitic boss of 
Snowbank lake, but in this. case the granitic intrusion is upon the Upper Keewatin, 
in part, and in part upon the southern arm of the greenstones. These are therefore 
~ both converted to mica schist. This mica schist is visible about the western shores of 
Snowbank lake, round the southern confines of the same lake, and the southwestern 
portions of Disappointment lake. The limits of these areas of mica schist cannot be 
given exactly. Mica schist has not definite characters, and it fades out imperceptibly 
into less and less micaceous rock. In the case of the region of Snowbank lake, how- 
ever, the mica schist belt is rather narrow, in keeping with the smallness of the 
granitic intrusion. Nearly everywhere about Snowbank lake, as well as Disappoint- 
ment lake, the original rock was coarsely fragmental, even conglomeratic, and these 
fragmental variations are plainly visible still in the mica schist. 

It was at a later date that the gabbro invaded the same rocks along the south- 
ern spur of the Kawishiwin, and its effect is seen in the production of a peculiar, 
often crumbling, grayish rock called muscovadyte. The mica schist at the south- 
western angle of Disappointment lake, apparently a part of the Lower Keewatin, 
becomes changed, in passing eastward along the shore, to a conglomeratic muscova- 
dyte which embraces the iron ores seen at Cheadle’s on the south shore of that lake. 
Further northeast this muscovadyte runs to Ima lake, and to the southwestern con- 
fines of Kekequabic lake, where it turns more eastwardly, following the northern 
border of the gabbro. Along the northern shores of Kawishiwi river, in T. 63-9, this 
rock is coarse, with much biotite. The details of the petrographic characters of these 
metamorphic rocks are given in the chapters dealing with petrography. The local- 
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ities can be studied by examining the descriptions connected with the rock samples 
numbered at the end of this chapter. 

(1). The greenstones and iron ores. The lowest (and oldest) iron ore horizon 
known in Minnesota is that which is found in the clastic greenstones of the Kawish- 
iwin. It is fairly represented in Lake county, in Ts. 63-8, 9 and 10, where it has 
been superficially explored and tested at several points. It also appears about the 
southern limits of Moose lake, in T. 64-9, where a considerable diamond-drilling has 
been done. So far as known, these deposits have not been shown to be of important 
economical value in Lake county. 


In T. 63 9,on the west line of section 16, at about 340 paces north of the quarter-post, is the southern slope 
of a prominent ridge of greenstone, or diabase, running in a northeast and southwest course, its summit being 
near the northwest corner of section 16, -This rock shows in places, and especially on the northern slope of the 
hill,an agglomeratic structure like that seen in the greenstone at Ely, the separate masses being entirely of green- 
stone and indistinctly outlined on the surface. This agglomeratic structure, which is apparently a feature of 
the upper part of the more evidently massive portions of the Kawishiwin, or near the bottom of the fragmental 
part, gives place further north to a conglomerate of greenstone pebbles, which strikes northwest and southeast. 
From this place these greenstones extend widely over sections9 and 4, but in sections 8 and 5, and in the north- 
western part of section 5, the overlying conglomerate hides it. 

This greenstone contains large ridges of jaspilyte in N. E. 14 sec. 8, T. 63-9, and in the S. W. 34 sec. 4, some 
of them being continuous for half a mile. The individual bands are red and black, and much crumpled, the ore 
being very largely of magnetite. Debris from these ridges is abundantly mingled, as at Tower, with the overlying 
conglomerate. There is good reason for believing that there exist in the northern part of this town ore deposits 
of value, and that they will yet be brought to light by further exploration. 

Other localities of jaspilyte are in N. W. 14 N. W. 14 sec. 10 and S. W. 14 N. W. 14 sec. 4, on the ridge 
which lies between two small lakes. 

The greenstone which surrounds these lenticular bodies of ore is massive and diabase-like, as if it were 
of direct igneous origin, and in that respect is somewhat different from that seen at Tower. This condition, 
however, is believed to be of secondary date and origin. It is a feature which is not confined to the Kawishiwin 
fragmentals, but affects also the overlying conglomerate. There is a belt or axis of metamorphic activity which 
extends from Kekequabic lake to Snowbank lake, giving rise to granitic bosses at these points, but further 
southwest only appearing in the hardening and more or-less recrystallizing of the older rocks. This force appears 
to have given a secondary phase of apparent igneous origin, not only to the older clastic greenstones, but to the 
conglomerate of the Upper Keewatin, as will be noted later. 

There is a great range of this grecnstone, forming hills which rise 200 feet above Moose lake, running 
through the country south of Moose lake. It was examined S. W. 1, 5S. W. 14 sec. 32, T. 64-9. There is a con- 
glomerate here which is apparently interstratified between two greenstones. One of these is agglomeratic, but 
has forms of yreenstone as pebbles two or three inches in diameter, of differing grain and texture, though these 
are scarce. These are evidence of fragmental accumulation, separating two larger masses of what appears to 
be igneous rock. A little west of the centre of sec. 32, T. 64-9, is a display of dark jaspilyte, extending east and 
west in the greenstone. It has comparatively little red or hematitic ore. It is mingled rather confusedly with 
the greenstone, which appears in it in isolated and somewhat irregular areas, and also holds small nodules and 
fragments of the ore, which are as small as half an inch, or smaller. It appears from all that is known of this 
deposit that it is similar in structure to one of those described in sec. 16, T. 63-9, and to that seen in the south 
ridge at Tower, viz., that round about an indigenous jaspilyte lying in the greenstone of the Kawishiwin has 
accumulated a fragmental rock containing much debris from both of them, and that this coarse fragmental 
jaspilyte belongs to the basal conglomerate of the Upper Keewatin. By upheaval, shearing and pressure the 
two are thrown together in such confusion that their relations and sequence are not easily made out. 

Further toward the northeast, about Ensign lake and thence northeastward to Knife Jake and Otter Track 
lake, the distinctly greenstone characters of the Lower Keewatin fade out, and the clastic characters become 
more evident, constituting fine green argillytes, greenish flints and graywackes, and containing occasional 
jaspilyte deposits into which the greenish rock graduates across the bedding with many interchanges of com- 
position. Such a jaspilyte is seen on the north side of Otter Track lake, also north of Pseudomesser lake on 
Hunter's island. It is probable that the north contact line of superposition of the Ogishke conglomerate on the 
Kawishiwin passes a mile or two south of the international boundary from Kekequabic lake to Oak lake (east of 
Otter Track lake), but the rocks of the region are very distinctly stratitied, consist largely of argillyte and fixe 
graywacke, and are much disturbed, striking in different directions, varying from northwest to northeast, and 
thus would have to be considered as belonging to the distinctly bedded portions of the Lower Keewatin. 

Further west and southwest, and especially about Pine lake, in T. 64-10, the lowest greenstone manifests 
other variations. In the S. W. 34 sec. 34, some drilling and shafting have been done with view to the discovery of 
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merchantableironore. The rockrises in the form of knobs from 50 to 150 feet above the valleys, and carries consider- 
able fine jaspilitic silica without the appearance of much jaspilyte proper, so far as could beseen. The diamond-drill 
cores showed white “ chalcedonic” silica. The rock in general has a fracture and structure like that at Kawawsa- 
chong falls, and contains pyrite, calcite,and apparently siderite, and is intersected by slickensided parting planes. 

At the southwest corner of Pine lake is a display of agglomeratic greenstone. This is near the centre of 
sec. 34, T. 64-10, at the western end of a small island. Aside from the avglomeratic structure, which resembles 
that seen at Ely, the rock is amorphous, but is overlain by a basal conglomerate of the Upper Keewatin, the 
pebbles of which are of fine, flinty greenstone and of jaspilyte. These greenish and flinty pebbles are quite sim- 
ilar to rock seen in the Lower Keewatin in numerous places from Knife lake westward and southwestward. It 
is quite conspicuous about the south shores of the small Jake crossed by the section line between secs. 22 and 27, 
T. 64-10 (Nos. 2161, 2162), known as Little Sucker lake. It is very siliceous, weathering nearly as light as a granite, 
fine-grained, gray-green within, fibroschistose, but not visibly laminated, rising in bold glaciated bosses. On the 
weathered surface it is pitted from the decay of some of the minerals. This rock seems to vary gradually, 
toward the west, to a massive greenstone which has irregularities of structure, and quartz veins, is schistose, but 
is not visibly laminated. This same siliceous, fine-grained rock (hardly a greenstone) is in several small islands 
that cross the lake in a line toward the west. This rock seems to be worthy of a name. It forms an important 
belt in the older greenstone at this place. It is neither greenstone, nor fine granite, nor quartzyte, nor flint, and 
it does not have the metamorphic origin ascribed to hornfels, but in many places it approaches nearest to flint. 
Under the action of metamorphism it would make a very dense and enduring rock. 

Another variation in the older greenstones is to what has been styled, in Mr. Elftman’s field-notes, ‘“ pepper 
rock,” characterized by dark specks, caused by hornblende crystals, which is common about the eastern part of 
Pine lake (Nos. 2164, 2165). It is massive and apparently of igneous origin. But, owing to metamorphism and 
squeezing, much of the rock, which was originally clastic, has been so reconstructed, and at the same time forced 
amongst the surrounding masses, that it is frequently impossible to distinguish it from true igneous rock. 

The Kawishiwin about Pine lake also embraces some Jaspilyte, in unimportant amounts, lying in rock 
below the conglomerate seen at the southwest corner of the lake. Jaspilyte is in a rigid, green, coarse schist, S. 
E. 14 N. E. 14 sec. 34, whose structure runs with that of the country, about east and west, dips about 80° to the 
south. It is a low exposure on a small point, and has been explored a little. On the opposite side of the same 
bay, N. EK. 14 N. W. 14 see. 34, the same coarsely schistose greenstone is seen, dipping in the same way, but mainly 
More massive, rising to the hight of twenty feet, slopjng from the water in a glaciated boss. 

Near the section line, on the north side of sec. 34, T. 64-10, is a similar coarse, green rock, with a slatiness 
that is about vertical; but this varies on the north toa very fine flint, or flinty, gray-green slate (No. 2168), much 
jointed, so as to part easily into small rhomboidal fragments, and this rock may have furnished numerous pebbles 
for the overlying conglomerate, whose strike passes through the country east and west but a short distance fur- 
ther south. The immediate overlie of this conglomerate on the greenstone is seen indistinctly on the small island 
at the southwest end of Pine lake. Here the greenstone itself is not only agglomeratic, but is also spotted indis- 
tinctly and sparsely with forms that suggest a pebbly composition, the possibly pebbly forms being of a dense 
and compact texture, and slightly different from the matrix. Again, are seen irregularities showing a variation 
in the opposite direction, 7. e., coarser in grain than the matrix; and, while these coarser spots are noticeable, 
they are of irregular, often elongated, shapes, in the main. Only rarely does one appear to be rounded as by 
attrition. The rock, as a whole, is irregularly massive, 7. e., not laminated or bedded, but, on weathering, at the 
lake level, it develops a coarse lamination which is rough and rather lenticular, dipping southerly. Its compar- 
atively rotted condition is the chief difliculty with considering it an original irruptive, while its association with 
jJaspilyte, with siliceous gray slates and schists and flints, and occasional unmistakable evidences of fragmental 
accumulation, point strongly to a clastic origin. There is no known way by which a rock, originally basic and 
igneous, can be made to assume such forms. It seems reasonable to conclude that here the basal conglomerate 
of the Upper Keewatin lies on an older clastic rock of the Lower Keewatin. The determination that this green- 
stone (with its associated clastics) is the oldest known rock, will perhaps allow the assumption of conditions of 
sedimentation quite different from those that we know of at the present day. 

On the south side of Jasper lake, sec. 2, T. 63-10, is a high ridge running northeast and southwest. In the 
S. W. 14 8. W. 14 jaspilyte is found in the lower part of the ridge, dipping about 75° S., running under the 
greenstone (No. 36E). Much of this ridge is composed of a coarse ‘ pepper” rock, 2. e., sprinkled with hornblende 
crystals, which stand out on weathered surfaces, making a very rough aspect. This greenstone ridge runs east- 
ward to the range line, and contains jaspilyte again at half a mile east of Jasper lake. 

The older greenstone, therefore, appears, in the northern part of Lake county, to exist in the form of a 
two-forked area, the branches of the fork forming a rim of a basin which pitches toward the northeast, and bas 
been folded upon itself. In this basin are included folded beds of the Upper Keewatin which lies on the green- 
stone rim, and exhibits a basa) nonconformity along both sides of the basin. The most westerly appearance of 
this conglomerate is on the north shore of Saturday lake. About Ensign and Knife lakes are a lot of fine-grained 
clastic rocks which are classed with the Lower Keewatin. Here are frequent instances of fine or flinty, siliceous 
bands, alternating with and grading into jaspilytic bands and into argillyte, the jaspilyte appearing to be simply 
a phase of the finer sedimentation. Such is seen at the eastern end of the portage from Potato lake to Knife 
lake, where the slates and jaspilyte bands are in common bent and convoluted. Similar slates continue east- 
ward to Mokoman island, where they stand on edge and strike N. 72° W. They split into very thin leaves—even 
& sixty-fourth part of an inch, 
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On Pickle lake, at the southwest corner N. E. 14 N. W. 14 sec. 35, south shore of the lake, is a hard green 
slate, with strike and cleavage N. 30° E. (mag.), vertical, and lamination apparently coinciding with this. South 
from the shore a few rods the same rock is seen interbedded minutely with dark red jaspilyte, the bands of 
jaspilyte varying from a sixteenth of an inch to two inches in width. Here the rock is much crumpled, and no 
general strike is discoverable (No. 772G). This rock is similar to the irony slates on the north side of Otter 
Track lake. This same rock extends along the south shore of this little bay. On the little point on the north 
side of the bay a hill is composed of hard, gray slate, sometimes greenish-gray. The strike of the cleavage is 
N. 60° E., crossing the crumplings of the strata. 

Similar gray and greenish siliceous slate occurs about the west end of Epsilon lake, sec. 29, T. 65-6. In 
some part this is also a dark red jaspilyte. The slate here becomes very schistose and fissile, and resembles a 
sericite schist. 

Further details of the greenstones that appear along the north side of the Kawishiwi river in T. 63-9 
and 10 will be found in the description of the Gabbro lake plate (chapter xxi). 

Note. In September, 1898, further examination was made of the greenstones west and southwest from 
Snowbank lake with a view to ascertain, if possible, the relation it bears to the porphyry, or porphyrel, of that 
region, and to the conglomerate mentioned above. The route of examination was from the Kawishiwi river to 
Triangle and Northwestern lakes and eastward from the latter to the great greenstone ridge, northwest 
corner sec. 16, T. 63-9 W.; thence northward to Moose lake, and eastward to Snowbank and Disappointment lakes, 
returning by way of Wood and Bassimenan lakes. Plate BB showstwo views of greenstone on the Kawishiwi river. 

In making a portage from the Kawishiwi river to Triangle lake, N. E. 14 S. W. 34 sec. 24, T.63-10, the 
granite runs out soon, but it passes through a phase of schistosity in which red and green alternate in fine films 
of fine-grained rock (No. 2225), often running out. The red element prevails toward the south, and the green 
toward the north. The aspect is such as to suggest that the greenstone, which exists in full force further north, 
is here gradually converted into red granite, the nature of the greenstone having been that of a greenwacke 
with more siliceous ingredient toward the south. At the shore of the river the granite shows no abnormal 
features, but it incorporated fragments of the greenstone, as in an igneous intrusion (No. 2226). Between the 
finely laminated and the plainly fused or granitic rock isa belt, ten to twelve rods wide, of more coarsely laminated 
rock, the two sorts of rock blending into another intermediate phase, evidently not completely fluid, but plastic, 
more crystalline than the finely laminated rock, but less than the granite. So far as appearances in the field 
indicate, there is a perfect blending of the two rocks, the belt of transition being ten to twelve rods wide; the 
direction of the structures in the intermediate rock being the same as that of the mica schist next north, and 
the same as that of the greenstone still further north. | 

After a narrow belt of mica schist, which does not weather red although it is seamed and veined with 
impefectly developed granite in all directions, the real greenstone is encountered. This is also much seamed 
by white quartz of the jaspilyte kind, and is faulted and twisted in all manner of irregularity. It also shows the 
agglomeratic structure seen at Ely, and occasionally is slaty with jaspilitic silica. 

It ought to be stated further, in the description of the foregoing tincly laminated rock, that it is not evidently 
crystalline. The red portion is very fine or like felsyte, and the green is greenish-gray, fine-grained and siliceous. 
The whole transitional belt may be due to a shearing movement affecting the contacting portion of the granite, 
at the time of a true igneous intrusion on the greenstone. 

The country thence northward to Triangle lake is occupied, so far as observed, only by greenstone. The 
same is true about the shores of Triangle and Northwestern lakes, and eastward to northwest corner of sec. 16, 
T, 63-9. At the section corner of sections 7, 8, 17 and 18 is to be noted an interesting fact, viz., rounded masses 
of white granite are in the greenstone, which in the immediate vicinity is also agglomeratic, though not in the 
portion immediately surrounding the granite pieces. There are ten or fifteen of these granite masses, varying 
from six inches downward. They lie in a rather granular greenstone, and are associated with some greenstone 
pebbles equally large. The area in which they lie is perhaps ten feet from one extreme to the other, but it is not 
in any regular way related to the surrounding greenstone, which is massive and seamed. There is no film of 
darker chloritic material surrounding the granitic masses, nor is there about the greenstone pebbles, yet the 
agglomeratic structure characterizes the greenstone at large, including the presence of the dark films. 

It is plain here that there are two sources for these greenstone masses or pebbles, one agglomeratic, with 
the surrounding films, and the other conglomeratic, without them. It is possible that this may be a remnant of 
the basal conglomerate of the Upper Keewatin. 

At the corner of secs. 8, 9, 16 and 17, T. 63-9, the ridge of “diabase” mentioned is fine and firm (No. 2227), 
and much of it is agglomeratic. This ridge slopes gradually (along the section line) toward the north, and at 
about 300 paces south of the quarter-post, east side of section 8, is succeeded by a greenstone conglomerate, 
derived apparently from this greenstone. Besides the greenstone pebbles, which may be referred to the agglom- 
eratic portion of the greenstone, this conglomerate contains a few roundish fragments of white and red jaspilitic 
silica. This conglomerate is 105 feet in extent across the strike, and the structure is about vertical. It is suc- 
ceeded northward by a light-weathering, quartz-orthoclase porphyritic rock, or porphyry, described in another 
place, which, in turn, is followed northwardly by another greenstone (plate Z, figures 1 and 2), which has a con- 
glomeratic (?) base holding many pieces of this porphyry (Nos. 2230 and 2240). It hence appears that the second 
greenstone was separated from the oldest greenstone by an interval of time during which was produced, in some 
way, the porphyry (No. 2229), In the later greenstone there is, so far as seen, no agglomeratic structure, but 
that feature is common in the greenstone lying south of the porphyry. 
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With a hand-glass it can be seen that in the later, or fragmental, greenstone the green hornblendes are 
roundish, and embraced in a mesh-work of the white element which seems to be silica. In some places this 
mesh-work stands above the rest of the rock and forms a sharp roughness. In the igneous greenstones the white 
element (feldspar) weathers away faster than the dark, and the prominences are of pyroxene, or of pyroxene and 
magnetite. In some parts of this Jater greenstone the grain is very fine, but usually with a hand-glass, on some- 
what weathered surfaces, this relation between the hornblende and the white element can be seen with more or 
less distinctness. In examining a trueigneous greenstone the white element is seen to have the form of plagioclase 
~ erystals, which enter independently into the darker element, making an ophitic structure. This is not every- 

where observable in such rock, but the two elements are confusedly mixed; yet even an occasional instance of 
this structure is enough to show that the dark element crystallized later than the white, which is the reverse of 
the fact in the fragmental greenstone. 

The line between secs. 4 and 5, T. 63-9, runs northward into a lake before reaching the town line, and at the 
shore of the lake is a deposit of jaspilyte in greenstone. Before reaching this jaspilyte, for several rods the inter- 
rupted rock exposure shows a fragmental greenstone, sometimes with fine pieces of jaspilyte disseminated thickly, 
and sometimes with variations in the greenstone itself, even to showing schistose bands of fine grain. At the 
same time throughout the whole mass is much fine silica, which makes a sharply rough weathered surface. 
There are also many Veins of vitreous quartz (compare figure 2, plate WW). 

Nearer the jaspilyte mass the greenstone becomes apparently pebbly, with siliceous variations of itself, and 
nearer stil] the siliceous element is more evenly distributed. In that way, with a coarser condition of the horn- 
blendic element, is produced the rock which Elftman styled “pepper rock,” the siliceous element constituting 
half or more of the actual contents and surrounding the hornblendes. It is in the midst of this rock that occurs 
the jaspilyte. Near the jaspilyte the hornblendes are sometimes over a quarter of an inch long. 

The jaspilyte is abundantly interbedded with hornblendic rock material, such as has been described at 
Tower. The ore, so far as seen, is poor and of small amount, none being seen of merchantable quality. Occa- 
sionally even the siliceous element of the greenstone goes into these interlaminations along with the hornblendic. 
and the jaspilyte is actually banded with narrow, parallel belts of greenstone, the only difference between these 
bands and the regular greenstone mass being the slightly more siliceous nature of the bands and the coarser 
condition of the hornblendes. 

Jaspilyte recurs again at the east end of this lake, where the greenstone is alsocut by three red granitic dikes. 

The rock immediately south from the Jaspilyte mass is conglomeratic, and at the west it is agglomeratic, 
It appears that the conylomeratic portion consists of the central cores of the agglomeratic bombs, the rock being 
light-weathering greenstone in each, but in the former without the encircling dark films. 

At a point further west, still on the south side of the same lake, is a gabbroid rock (No. 2247) in which 
apparently pyroxene and (magnetite?) exist, the latter being reddish and perhaps now having some of the altera- 
tion products of titaniferous magnetite. This rock, at one place at least, has a sharp contact on the schistose 
conglomeratic greenstone described above, and is plainly of later date than that greenstone. This rock may be 
compared with No. 2254. 

Continuing along the bare, rocky ridge which bounds this lake on the south, there is to be observed much 
of the rock resembling gabbro (No. 2247), and of the coarse, massive greenstone which embraces the jaspilyte 
above. These rocks are closely intermixed, but in the field the gabbroid rock shows no important shearing effect, 
and in other respects seems to be later. The other becomes schistose and is cut by the gabbroid rock. In one 
the pyroxene crystals stand out on the weathered surface, causing the chief roughness; in the other the rough- 
ness appears to be due to a siliceous mesh which permeates the mass of the rock. 

A similar gabbroid rock (No. 2254) cuts the basal conglomerate of the Upper Keewatin at the west end of a 
smal] lake lying near and north of the west end of this lake. In the vicinity are several drift boulders of gabbro 
whose source is not known, but which probably came from the north, and from similar dikes or bosses. 

The Upper Keewatin, at this place, contains pebbles as follows, forming a coarse and conspicuous bluff 
near the little lake: greenstone, jaspilyte, fragments of the agglomeratic amygdaloid of the Lower Keewatin, 
slaty and flinty pieces from the slates and graywackes seen south of here, fine-grained porphyritic granitic rock 
(No. 2248). 

Along the north side of still another little lake, S. E. 14 sec. 32, T. 64-9, is a conspicuous hill in which is a 
great display of gabbroid rock (No. 2255), and it here apparently cuts older greenstone. It is fifty paces south 
of the quarter-post, between sections 32 and 33. It is amygdaloidal, in narrow belts, the fillings being pinkish 
white, hard and coarsely radiated, as large as peas, and apparently a zeolite. It is evident that this greenstone 
is fresher than any of the Kawishiwin greenstones, and also that is later than the Upper Keewatin, which it cuts. 
It forms the chief topographic outlines for a quarter of a mile, continuing for some distance north of the above 
mentioned quarter-post, in a very rough country, the main ridges running north of east (No. 2258), but the next 
sharp ridge, whose summit is 250 paces north of the same quarter-post, is composed of agglomeratic greenstone. 
It is precipitous, both to the south and to the north, and about 150 feet above the adjacent valleys. 

The next ridge is composed of greenstone conglomerave, with some pebbles of jaspilyte, and some of a rock 
much resembling Nos. 2255 and 2258. The great bulk of the conglomerate consists of fine-grained siliceous 
greenstone which may have come from the agglomeratic masses of the older greenstone. It is largely cemented 
by quartz. Toward the north this graduates into finer conglomerate (No. 2259) and to graywacke, interbedded 
with coarser conglomerate. On crossing a subordinate valley the next ridge is found to be of graywacke and 
greenish graywacke, but toward the north this ridge is porphyritic with white feldspars (No. 2260), which are 
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sprinkled over the weathered. The rock remains green, or grayish green, but the feldspars weather a little pink. 
They are more numerous in some places than in others, and, indeed, there are small areas in which a rude 
banding, somewhat like that of stratification, can be seen. Throughout this rock are foreign pieces, either of 
jaspilyte or of greenstone, and a micaceous darker rock, a mica-porphyry, occurs suddenly, running like a dike 
(No. 2261). 

In some places this green porphyritic rock (No. 2260) holds Jaspilyte pieces six inches across. Where it is 
in contact with the slates and graywacke there is a band of a couple of feet in which the two rocks mix. Some- 
times the porphyry is really a greenstone, with only very rare evident crystals (No. 2262). It seems not only to 
be in contact with the slate and gravywacke, cutting them as an igneous rock, but also has a kind of alternation 
with them, as if a member of the same sedimentary series. This alternation is hard to understand, but in view 
of the zigzag fracture and intense squeezing it may be these alternations are due to mechanical fracture followed 
by pressure, as well as to the inclusion of slate in the porphyry in the act of intrusion. There are numerous 
bits of slate and jJaspilyte in this green porphyry, but the rock is mainly massive and uniform; the- schistosity 
can be attributed to fracture and movement. ° 

Along the section line between secs. 32 and 383, and between secs. 28 and 29, T. 64-9, the structure 
seems to consist of a succession of short ridges formed primarily by folding, the geological horizon gradually 
ascending toward the north. The most of the rocks dip nearly vertical, or slightly to the south. The last rock 
at the shore of Moose lake is a conglomerate much resembling some parts of the Stuntz conglomerate, but finer, 
the pebbles derived apparently from some porphyry belonging in the Lower Keewatin, but now folded, along with 
the Lower Keewatin greenstones, closely with the Upper Keewatin. The mechanical contacts of the porphyry 
on its own debris, formed by such folding, are difficult to distinguish from true igneous intrusion, and hence 
some of this porphyry may not belong to the Lower Keewatin, although there is no proof to the contrary. 

The island in Moose lake crossed by the section line between secs. 28 and 29, T. 64-9, is composed largely 
of an irony sericitic schist, cut by a rather fresh diabase dike four feet wide, and by a narrow vein-like quartzose 
dike of fine red granite. This schist (No. 2270) is bright green at the summit of the island toward the northeast 
end, and is charged with carbonate of iron, which oxidizes but does not stain the weathered surface. This 
bright green or bluish green color, however, fades out in other places, and the surface is more or less rusty, the 
interior being gray. In this rock is much pyrite, evidently cupriferous, since the schist is stained by malachite 
green at a little depth, in scattered small points. Most of the island is outwardly composed of fissile, rusty 
sericitic schist standing vertical, but along the south shore is a tine slaty argillyte. 

Westward from the jaspilyte locality, on the trail from Moose lake to Wood lake, is found a series of ridges 
of the Upper Keewatin. Some are of conglomerate and some of schist. The last ridge, near which the trail 
passes, is the highest. The rock of this ridge illustrates the close folding and shearing to which much of 
this region has been subjected. The rock weathers light blue, or greenish, but does not belong to the green- 
stones of the Lower Keewatin. It consisted originally of banded, tine slate and fine graywacke, but it is broken 
into a series of short parts ina manner like that ilustrated at Cloquet (figures 1 and 2, plate Y Y), in Carlton 
county. Hence, on the weathered upper surface it appears somewhat like a sheared, or pressed, conglomerate, 
consisting of only two sorts of rock. On weathered vertical surfaces, however, the separate parts, which might 
be mistaken for detrital pebbles, are seen to descend far down into the mass lenticularly. 

On the trail from Moose lake to Flask lake, there occur two greenstone ridges, which can be referred to 
the Lower Keewatin, the intervening ridges belonging probably to the Upper Keewatin. One of these old green- 
stone ridges is about one-third of the way to Flask lake, and the other is near that lake. Granitic rock and 
granite porphyry cut the former. The last rock seen toward the east is a fine schist. 

East of Flask lake the rock is distinctly greenstone, rather firm and often hornblendic, like No. 2267, but 
toward Snowbank lake it becomes more and more conglomeratic, as seen at the west shore of that lake. It is 
hard, greenish, massive, and blotched with epidote seams and veins. This rock is included in the Upper Keewatin. 
It is that cut by the Snowbank lake granite. 


(2). Evident clasties and iron ores. Allusion has been made to the Upper Kee- 
watin, as distinct from the Lower by reason of the coarse basal conglomerate that 
marks the commencement of the former. It is in this conglomerate that occur the 
iron ore deposits here referred to. The conglomerate is a very extensive part of the 
Upper Keewatin, and can be identified from Saganaga lake to Saturday lake, but iron 
ore has been found indigenous in it at but one place. 

This iron ore is not known to be different from that already described in the 
Lower Keewatin, in any other respect than that it is at a higher stratigraphic hor- 
zon, and is the matrix rock of acoarse conglomerate. They are both banded jaspilyte. 
This locality is on the portage trail from Moose lake to Wood lake, but near Moose 
lake; west side of sec. 21, T. 64-9. 
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The country is burnt off (August, 1897) and the rock is bare, showing its structure. There is a series of 
north-northeast and south-southwest ridges crossing the country parallel to the direction of the lake and of the 
islands, and on the portage trail they are quite conspicuous. Atthe lake is schist, quite fissile, as seen on some 
of the islands and the points, and argillyte, often green and falling down in large slabs, probably suitable for 
roofing slate. Immediately north of the portage landing rises a very singular and interesting ridge, which is 
steep on the south side and slants with the dip, and is somewhat more gradual on the north. The dip is 80° or 
85° toward the south. This ridge is made up of conglomerate, in general, but shows interesting combinations: 


1. It containsconsiderable deposits of jaspilyte, normal in all essential characters, rather magnetitic than 
hematitic, but considerably contorted and varying to a greenish siliceous jaspilyte, and to dark slate. 

2. This jJaspilyte embraces rocks of different kinds, as pebbles, and even occasionally as boulders, the bands 
of the Jaspilyte swinging round and embracing them when large. The enclosed stones are of different sorts, but 
red granitic rock prevails. Such red granitic rock is also the prevalent pebble throughout. Greenstone pebbles, 
hard, siliceous, green, flinty pebbles, and apparently pebbles of jaspilyte, which is fiery red in color, are also 
included in the Jaspilyte.* Yet in the main, it is simply a banded jaspilyte nearly free from pebbles. The largest 
granite boulder seen is about ten inches in diameter. This jaspilyte is indigenous in the formation and its layers 
are frequently separated by fine green sediment, and sometimes by a coarser gritty green sediment. When the 
interleaved sediment is fine and greenish, it is also very siliceous, making a greenish flint. A bouldery portion of 
this jaspilyte is represented by figures 1 and 2, plate X. 

3. The conglomerate, in its southern portion, is characterized by a red-weathering granite, but it also con- 
tains greenstone and jaspilyte and a siliceous, very tine rock, like flint. 

4, The jJaspilyte itself occurs not only as large masses, but is strung out in small lenticular thin sheets 
throughout the southern part of the conglomerate; and it fades out sometimes across the bedding into the gen- 
eral conglomerate, passing through a stage of siliceous, black or greenish slate (No. 2274). 

5. Aside from the twisted and confused condition, there is nothing further worthy of note in the southern 
belt, which is about thirty feet across. | 

On the south the rock, while plainly a part of the fragmental series, is of a coarse, irregular green schist, 
containing much vitreous quartz in veins running with the schist. This is visible only at the west end of the 
ridge. There is also some such quartz in irregular deposits throughout this conglomerate. 

6. On the north side, while the conglomerate is continued in that direction, yet it consists wholly of 
greenstone debris, and is so consolidated that it looks like the massive greenstone of the Lower Keewatin. In 
some places it is so tine grained, massive and uniform that it looks like some conditions of the agglomeratic 
greenstone. 

7. The importance of this observation consists in showing conditions that attended the origin of the 
jJaspilyte with its irony ingredient, cotemporary with a fragmental accumulation, and due to a force (oceanic 
water), the same as that which accumulated the conglomerate itself. That it is so tine can be explained on the 
precipitation theory. 


Another ridye further north, according to Mr. Elftman, is of conglomerate, with pebbles of red granite, 
greenstone and Jaspilyte. This is 300 feet from the foregoing. The entire thickness of the conglomerate at this 
place is about 600 feet. The third ridge still further north consists of firm, compact, much-sheared green schist 
and graywacke, supposed to belong to the Upper Keewatin, as already described. There is another jaspilyte 
belt north of the one described, having a width of about thirty or forty’ feet, making a total thickness of about 
100 feet of jaspilyte in 600 feet of conglomerate. 

The great Ogishke conglomerate, which here contains this ore, is a conspicuous formation all the way 
from Saturday lake to Saganaga lake. It is worthy of note that in 1887 Dr. A. Winchell published a note of a 
similar occurrence of jaspilyte in this conglomerate near Ogishke Muncie lake, as follows:t ‘ Ogishke conglom- 
erate, pretty well developed. Contains red jasper, not as a pebble, and this is banded and associated with 
hematite (No. 886W).” 


This conglomerate is in nearly all places quite coarse, but it shades sometimes 
into graywacke, and the graywacke becomes argillyte. One of its greatest peculi- 
arities is its porphyritic aspect, arising from the abundant dissemination of feldspar 


crystals. In several of the annual reports these feldspars have been considered as 


*A more careful enumeration of the sorts of rock represented in this conglomerate was made in September, 1898, viz.: 
Dark-weathcring greenstone, rounded, one piece being twenty inches in longer diameter. 

Red fine-grained granite, weathering pink. 

Brick-red jasper, in angular fragments, sometimes in the bands of jaspilyte. 

Porphyry, pot quartziferous, twenty inches in diameter; rounded, also very fine; abundant. 

Light-weathering greenstone. 

Hard felsyte, light green. 

Dioryte, with rather coarse hornblendes. 

. Pinkish, fine-grained, apparently granitic rock, with phenocrysts of hornblende, very common in the ridge next west. 
(This may be the same as the red granite, No. 2.) 

The drick-red jasper pieces are confined to the conglomerate in the near vicinity of the main jaspilyte mass, which sug- 
gests that they may all be referred to displacement from their parent mass in the conglomerate by folding and shearing, and that 
hence they may not indicate an earlier jaspilyte. 

+ Sizleenth Annual Report, p. 315, 1888. 
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of secondary origin, due to metamorphic agencies, developed since the consolidation 
of the rock. These crystals are not always angular and entire, but as fragments 
they are reduced in size and blend with other debris to form the general matrix of 
the rock. Such pseudo-porphyritic rock was named porphyrel by Dr. A. Winchell, 
in the fifteenth annual report,* a name which seems appropriate and necessary. Sev- 
eral petrographical descriptions of this rock from the vicinity of Kekequabic, Moose, 
Zeta and Ogishke Muncie lakes are given elsewhere (Nos. 1062, 1094, 2170). What 
may have been the source of these feldspar crystals is still a subject of inquiry. There 
were, as appears from the field observations, many dikes, and perhaps considerable 
areas, of porphyry, very similar to this rock, and of porphyritic granite like that of 
Iron lake, cutting the Lower Keewatin, and, on disintegration in the ocean of the 
age of the Upper Keewatin, such crystals may have been disengaged in great num- 
bers. As these crystals, however, are associated with augite crystals (usually much 
altered to hornblende), and as the rock seems to grade into a rock which is essen- 
tially a submarine tuff having more or less of ordinary detrital character, it is per- 
haps more likely that in some cases the crystals were ejected from volcanic craters 
of the date of the Upper Keewatin. 

This rock has attracted a great deal of attention from all members of the survey. 
This is owing to its bold and frequent exposures, its great extent and its variations 
in composition, and to a powerful metamorphism which it has suffered, causing it to 
take on the aspect of a dense mica schist, and even to act apparently the role of an 
intrusive amongst the associated strata. These intrusive characters are considered 
under the following heading: /yneous rocks of the Keewatin. 


At Saturday lake. The most western known appearance of this conglomerate in Lake county is on the 
western shores of Saturday lake. On the south side, at S. W. 14 N. E. 14 sec. 36, T. 64-11, near the portage land- 
ing from Fall lake, is an argillitic and chloritic condition of this conglomerate (Nos. 175W and 2145). The rock 
is completely beset with pebbles, mostly less than three inches, but some are stones six to ten inches, in diameter, 
weathering lighter colored than the matrix and having a finer grain (No. 2145A). On fresh fracture the pebbles 
are greenish and blend with the rock so as to be almost indistinguishable. They are hard and weather nearly 
white. The schistose structure runs N. 45° E., and the pebbles have a prevailing parallelism with the schistosity. 
They appear like flint and sometimes have an older fine jointing or structure resembling slatiness, which does 
not agree with the schistosity of the rock. 

A light weathering belt, somewhat in the form of a dike, cuts the little knob composed mainly of this 
conglomerate, nearly, but not quite, parallel with its schistosity. It is a straggling dike and is very fine-grained, 
with a fine schistosity parallel with that of the rock. The green schist lying a little further south stands nearly 
vertical, and much resembles the green schist seen along the south shore of Fall lake (Nos. 2147 and 2148). A 
low bluff, S. W. 14 N. E. 14 sec. 36, T. 64-11, consists of a more uniform greenstone, not showing sedimentary 
structure, but holding irregular light-colored siliceous masses, curiously shaped. This rock (No. 2148) resembles 
the rock at Ely, even to the amygdaloidal porosity; but here, instead of having bomb-like forms with calcite in 
peripheral cavities, such cavities are generally distributed in the rock, and, on weathering, such cavities are 
quite marked. This schist and greenstone, therefore, are a part of the Lower Keewatin, and the line of transition 
from Lower to Upper is between this and the foregoing conglomerate knob. 

On the north side of Saturday lake the basal conglomerate appears conspicuously at the shore, forming 4 
range of low hills for half a mile in N. E. 14 N. E. 14 sec. 36, T. 64-11. Here the rock is very schistose, and yet it 
has, as at No. 2145, veins of vitreous silica. Frequently a whitened, weathered surface presents much the aspect 
of the Stuntz conzlomerate, but in general here the matrix is much more green. 

At Pine lake. From Saturday lake the strike of the northern border of the conglomerate is nearly east- 
ward, to the southwest corner of Pine lake, where it appears on a small island, as already mentioned, and in the 


* Op. cit. p. 150, 1886 (1887). 
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same manner is immediately above a fragmental greenstone. At the centre of sec. 34, T. 64-10, Pine lake, it 
contains pebbles of jaspilyte and siliceous greenstone. It rises as a glaciated dome directly from the water. 
The structure, dip, strike, etc., cannot be made out, but a general elongation of the pebbles, and the frequency 
of short seams, indicate a strike about east and west. The western part of the island mentioned consists of 
amorphous and agglomeratic greenstone, and the eastern is of conglomerate, and contains pebbles of fine and 
siliceous greenstone and of jaspilyte. The greenstone end of the island rises highest. The green siliceous 
pebbles of the conglomerate are like some flinty portions of the Lower Keewatin, which is well known, and 
occurs about Little Sucker lake, about a mile further north. 

At Jasper lake, and in general through the northwestern portion of T. 63-9 W., wherever this conglomerate is 
seen, it is frequently charged with pebbles and sometimes with large masses of jaspilyte. These masses are so 
large sometimes that they appear to be in situ. In the same region are numerous knobs of indigenous jaspilyte, 
lying in greenstone, and these have supplied the debris of the conglomerate, whether it be of the green element 
from the Lower Keewatin, or of the jaspilyte. The formation here has resumed its strike toward the northeast. 
It appears on both sides of Moose lake, and forms a prominent part of the high ridge which runs along the east 
side of Moose lake. It occupies, however, in general, lower tracts than the underlying greenstone. 

At and near Moose lake, on the line between secs. 32 and 29, T. 64-9, east of Moose lake, about a quarter 
of a mile from the lake, this formation appears at about 100 feet above Moose lake. It has a strike a little south 
of west, and stands nearly vertical, yet dips toward the south. The rock varies from gray wacke to conglomerate. 
A schistose structure runs northeast, paralle] with the direction of the lake. At numerous places in the gray- 
wacke, which is interbedded with conglomerate and with greenish slate, the hard rock is well preserved and 
exhibits glacial striae. At the top of the hill this graywacke is coarse and rough. A large layer, running con- 
formably with the strike, contains may elongated pieces of slate, like the slate interbedded with the formation; 
and in some places such fine slaty material is apparently in fine fragments mixed with the coarse grit. The 
graywacke also embraces pebbles of graywacke like itself, but either coarser or finer, so that their forms are 
distinct on the weathered surfaces. Sometimes, alongside of a graywacke layer containing such large frag- 
ments and small bits of rock like the rock of the formation, and even along both sides, can be seen unbroken 
strata of fine slaty material running parallel to each other. If the detached pieces of slate were included by 
brecciation in the coarser grit strata, why were not these straight beds also broken up? On the contrary the 
stratification in the main is rigid and continuous for rods. Some instances of squeezing and folding, and the 
thrusting of one Jayer into another, are observable here, but on a smaller scale than described on sec. 20, T. 
62-15 W. (at Vermilion lake); but usually such derangements can be seen to be due to folding, and are, moreover, 
not common. Such folding can hardly account for the dissemination of these pieces, unless accompanied by 
brecciation and shearing. The phenomena here are somewhat like those which accompany the intrusion of a 
molten rock, and the incorporation of particles from the walls (see plate Y, figure 1). Yet the nature of the rock 
which appears to be a part of the conglomerate of the Upper Keewatin, and which is pebbly like a conglomerate, 
decidedly opposes the idea of the igneous origin of this rock. This is an anomalous condition of observed facts 
respecting this conglomerate, but, as will appear further, it is not an isolated case (rocks Nos. 2169-72; compare the 
chapter devoted to the Carlton plate). 

In closely examining the alternations in the strata of the conglomerate, and searching for the place of 
superposition on the greenstone, it appears that there is a greater or less thickness of debris from the green- 
stone which, recomposed and sometimes hardened by metamorphosing pressure, appears like the greenstone 
itself, but is in places plainly made up of small imperfectly rounded fragments, which were not far transported 
from their native places. The conglomerate all along here dips toward the south, 7. e., toward a greenstone 
range, at an angle of about 85°. This is a part of the main greenstone belt of the region, and in general may be 
said to extend to the Kawishiwi river. 

On the trail from Moose lake to Flask lake, this conglomerate appears conspicuously, the trail passing across 
the strike of the bedding. Thecountry issometimes hilly, and is favorable for careful examination. Therock in sev- 
eral instances was noted to be very similar to the Stuntz conglomerate, but most of itis a porphyritic conglomerate 
or porphyrel, the crystals being of detrital origin (No. 2184). At the same time in places it looks much like an 
igneous rock, and especially in the near vicinity of Snowbank lake, where metamorphism is more intense (No. 2185). 
Several low ridges of porphyry in situ occur in the midst of the conglomerate between Moose and Flask lakes. 

' As this conglomerate about the shores of Snowbank and Disappointment is largely changed by metamor- 
phism, it will be considered in connection with the mica schists and igneous rocks of the Keewatin. Not much 
is known of the clastic rocks of the Upper Keewatin between Snowbank and Kekeyuabic lakes, but at the latter 
place they appear under various phases, and they are described in detail by Dr. Grant, in chapter xxiii, Fraser 
Lake plate, especially in their igneous characters. Here, also, however, there is a blending of igneous and clastic 
characters in the same rock, and some of the conglomerate is so altered that it appears like granite, although still 
showing numerous boulder forms. In less modified form this conglomerate is to be seen at Zeta lake. 

Zeta lake is at the centre of sec. 28, T. 65-6, lying between Kekequabic and Ogishke Muncie lakes. It is, 
therefore, at such a distance from the granitic centre of the former that it is free, or nearly free, from the meta- 
morphosing effects radiating from that granite, but itis, yet, not so far that the rock takes on the plainly clastic 
characters exhibited by this conglomerate at the latter lake. The name porphyrel was given to this conglomer- 
ate at this place by Dr. A. Winchell.* At the narrows of this lake, S. E. 14 N. E. 14 sec. 28, T. 65-6, is a charac- 
teristic appearance of this conglomerate (Nos. 1062, 1769, 1770). It is tirm and rises in hills from fifty to seventy- 


* Fifteenth Annual Report, pp. 158, 150, 1886 [1887]. 
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five feet high. Blocks having a sharp, almost a basaltic jointage, fall down and lie aleng the beach. This 
basaltic structure in graywacke and slate at Epsilon lake is shown by figure 2, plate Y. It is plainly, at first, 
porphyritic, the feldspars being most numerous in some of the pebbles, but also distributed throughout the green 
matrix, and also conylomeratic, the pebbles consisting of porphyry and of greenstone. It has no schistose struc- 
ture, but shows occasionally a linear distribution of parts which is like a sedimentary banding. Hornblende 
crystals are perhaps as numerous in the rock as those of feldspar, but are not so conspicuous. The occasional 
pebbles have undergone a partial re-crystallization and are blended with the matrix, so that their outlines are not 
distinctly detined, but the existence and the size of the pebble are now indicated by the greater or less frequency 
of the light feldspar crystals. The greenstone pebbles, which are distinctly rounded, are not at all porphyritic, 
and cause dark spots over the surface freshly broken. The rock was fragmental originally, but is now compacted 
and partially re-crystallized by metamorphism. : 

The porphyry pebbles in this rock indicate the prior existence of a rock in considerable amount capable of 
supplying them, and it is likely that all the clastic feldspar crystals of this rock came from the same source. 

Ogishke Muncie lake. It has not been possible to separate this rock from the great conglomerate seen 
about Ogishke Muncie lake, either geographically or petrographically. 

Indeed, sometimes a rock of the same character is seen at Ogishke Muncie lake (No. 1080). It was specially 
noted and collected at S. E. 14 sec. 22, T. 65-6, where the crystals are somewhat rounded and disseminated 
through a coarse granular matrix in which are numerous rounded grains of quartz of about the same size, some 
fine red jasper, pebbles of greenstone, and of flint. About Ovishke Muncie lake the shores in nearly all parts 
consist of this conglomerate, but the northeastern shores consist of the fragmental parts of the Lower Keewatin. 
A collection of various pebbles from this conglomerate was made near the centre of sec. 23, T. 65-6, viz.: flint, 
from gray to black, like that seen about Knife lake, varving to siliceous argillyte; a quartzyte which is almost as 
fine as flint, but has a tendency to turn red; granitic porphyry, or simply porphyry, capable of furnishing 
many feldspar crystals on disintegration; fiery red jasper; banded jaspilyte: diabase; quartz; granite, with 
coarse quartzes like that of Saganaya lake: gray, banded quartzyte: fine-grained, greenish-gray porphyryte or 
dioryte: greenstone, without quartz, rather coarse and resembling the gabbro of the Knife lake headland, etc., 
sec. 22, T. 65-7, and N. W. 14 N. W. 14 sec. 20, T. 65-6; diabase with porphyritic plagioclase altered to “ huronite,” 
like rock No. 798aG; greenstone, fine-grained, gray; vein quartz, loosely open and mingled with epidote; fine, 
flesh-red granite, or aplyte, rusty, spongy vein quartz; quartz dioryte, or gabbro, like the rock of the headland 
(sec. 22, T. 65-7). 

Dr. A. Winchell made the following enumeration of pebbles in this conglomerate on Camper’s island, 
in Ogishke Muncie lake:* “Without attempting a complete enumeration, the following may be named: (1) 
syenyte, resembling saganaga syenyte, but with little hornblende; (2) greenstone; (3) porphyry; (4) red jasper; (5) 
flint; (6) quartz, opaque, white; (7) petrosilex; (8) ordinary svenyte with black hornblende; (9) dioryte, coarse, 
with dark-green hornblende; (10) dioryte, fine, with dark-green hornblende: (11) porphyroid, weathering light 
and cellular; (12) siliceous schist; (13) carbonaceous, siliceous argillyte sparingly.” 

Along the south side of Ogishke Muncie lake the base of this conglomerate can be seen in unconformable 
superposition on the Lower Keewatin, as figured in chapter xxiii (Fraser Lake plate). It here frequently con- 
tains large rounded boulders of greenstone. It ascends well up on the northern slopes of the Twin peaks and 
in places becomes more siliceous, resembling the Stuntz conylomerate, and hardly distinguishable from a quartz 
porphyry (Nos. 1754-5). It has here suffered great compression, and, while plainly a conglomerate, viewed at 
large, when examined in hand specimens it would be classed as an igneous rock of the quartz-porphyry group, 
a statement which seems to he true of the coarser beds of the Upper Keewatin in many places. 

At Saganaga lake. This conglomerate lies upon the Sayanaga lake granite and is well seen, in its obscure 
clastic characters, at the portage between Oak lake and Saganaga lake (Nos. 2031 and 2032). Further toward the 
northeast it is much coarser, and, according to Dr. Lawson, on the north shore of Saganaga lake it contains 
numerous very large boulders of the granite, making a conspicuous display. In the vicinity of Oak lake, how- 
ever, it is very fine-grained, and consists wholly of recemented debris of the granite itself. It thus resembles the 
granite proper, and as such it has been described by every geologist who has noted it on this portage. A little 
examination, however, toward the east, and on the shores of the bay running south, is enough to convince the 
observer of its true nature. As a rock it is light-colored. It lacks the ferro-magnesian minerals, and in that 
fact it differs from the true granite microscopically, while in thin section its fragmental structure is most evident. 
It ig strictly a gray wacke, and it is seen to be interbedded with slate along the shores of the bay in sec. 24, T. 
66-6 W., althouvh its lowest portions, including a thickness of several hundred feet, show so little variation by 
sedimentary action that it appears to be a massive granite. Some detailed descriptions are included in the 
twenty-fourth annual report. The conglomeratic composition appears higher in the series. This fine and non- 
stratitied condition of the bottom of this conglomerate apparently is widespread, and when it comes upon the 
older greenstones the resultant clastic rock is hardly distinguishable from the parent rock. This renders it 
almost impossible to trace out the boundary line of superposition of the Upper Keewatin on the Lower. 


(3). Mica schists. There are distinctly two sorts of mica schist within the 
limits of the county, viz., that produced by the granitic intrusion upon the Upper 
Keewatin, and that resulting from the contact of the gabbro. 


* Sizleenth Report, p. 37. 
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Under the action of the granitic metamorphism there is a widespread hard- 
ening of the clastics, with the generation of biotite mica and secondary feldspar. 
These schists, as seen about Snowbank lake, are very firm, and aside from their con- 
glomeratic composition are rather fine-grained and dense, usually having a strong 
and persistent schistosity,and compose some of the hills and prominent ridges of the 
region. The gabbro produces a rock which is also charged with biotite mica, but is 
characterized in the field with less firmness, and indeed frequently crumbles rather 
easily. The biotite here is sometimes in idiomorphic forms. This rock, within the ~ 
area of this plate, has a close relationship with the rock called muscovadyte, into 
which it grades imperceptibly, and as such it embraces the iron ore seen at the 
south side of Disappointment lake. It appears that the rather loose and more friable 
condition of this schist is due to the other minerals which are found in it, and these 
other minerals are again due to the nature of the original rock before meta- 
morphism. It is the greenstone band of the Archean which gives origin to these 
schists, and especially the clastic portions of the greenstones. They are typically 
seen about the shores and bluffs of the Kawishiwi river in sec. 16, T. 63-9. The 
differences of weathering between these schists are caused by the different amounts 
of quartz and of feldspathic ingredients. These minerals abound in the former, and 
are sometimes wholly wanting in the latter. When quartz becomes abundant in 
the latter it is in connection with the occurrence of some of the jaspilyte ore 
deposits, and the metamorphism of all the adjoining rock presents several very 
interesting petrographic features, which are detailed in the chapter on the Petro- 
graphic Geology of the northern part of the state (Nos. 2197-2203). In general it may 
be said that the resultant rock contains mmerals secondary after those found in the 
greenstones, but associated with each other in a different order of generation, and 
in addition is found much hypersthene which frequently was the last to take its 
place, and embraces the other minerals poikilitically. Quartz and magnetite in 
varying amounts, sometimes composing nearly the whole rock, mark the jaspilyte 
horizons. 


An extensive belt of mica schist and micaceous gneiss, varying to hornblendic greenstones, extends across 
T. 64-11, northeastwardly, and southeastwardly across T. 64-10, turning northeastwardly again and running in a 
narrower belt across T. 64-9 to the vicinity of Prairie portage. This area forms a border about the granitic boss 
of Bassimenan lake, which is intrusive into it in many places in the form of dikes, and is the result of metamor- 
phism of the Lower Keewatin. It is also largely hornblendic. It occurs on the islands and shores of that lake. 
It fades out geographically into sericitic schists and into argillytes of the Lower Keewatin, when derived from 
the acid clastics of that formation, and into the massive and fragmental greenstones, when from the lower 
beds. These lower beds seem to be re-crystallized in situ on a large scale when affected by the zones of deep- 
seated regional metamorphism, becoming simply massive greenstones, but when in the immediate contact zone 
they are converted very largely into hornblende schists. 

The mica schists produced by the Snowbank lake granitic boss are almost uniformly conglomeratic, 
having been formed by the metaphorism of the Ogishke conglomerate and related rocks of the Upper Keewatin, 
The large, round peninsula on which is located the corner post of secs. 26, 27, 34 and 35, T. 64-9 consists of a 
dense micaceous rock (No. 2185), more or less cut by dikes of granite. It has a distinct conglomeratic structure, 
and traces of the original sedimentary bedding. It strikes in the same direction as the general coast line, and 
parallel with the conglomerate further west (in sections 34 and 27) and the same as that in section 26. It dips 
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nearly vertical, like all the rocks of the region. The rock at the centre of sec. 26, and westward along the 
bay, is a “ porphyritic” kind of conglomerate, or porphyrel, the feldspars being simply fragments of crystals, so 
far as they appear in the matrix, but larger in some constituent porphyry pebbles (Nos. 2186 and 2187). This is 
not markedly micaceous, but at a quarter of a mile further northeast, 7. ¢.,S. W. 44 N. BE. 4 sec. 26, T. 64-9, 
mica schist is at the shore of the lake (No. 2188), It is here cut by large dikes of granite, as well as by porphyry 
(No. 2189), the granite cutting the porphyry, a series of facts which is considered later under the topic Igneous 
rocks. The characters of the conglomerate about Snowbank lake and about Disappointment lake vary from 
mica schist, where the rock was fine-grained at first, to a conglomerate and a conglomeratic mica schist, or toa 
porphyry which acts the part of an intrusive on the mica schist, the intrusive rock not being separable either in 
the field or under the microscope from the porphyritic conglomerate. 

Disappointment lake. The large point in the southern part of sec. 33, T. 64-8, Disappointment lake, con- 
sists of hard, sub-crystalline, massive conglomerate, supposed to be Upper Keewatin, in which are a few horn- 
blendes, but scarcely visible mica schist characters. Westwardly, to the line between secs. 32 and 33, T. 64-8, 
the rocks were bare at the time examined, and the convlomeratic character is evident, the strike being irregular, 
but mainly east-northeast. There are some granitic dikes and also some basic, the former, in one instance, cutting 

the latter, the rock showing an increasing tendency to veining characteristic of mica schist—such fine veins as 
cross each other but hardly make anything but a coarse mesh-work in the rock itself, and appear on weathered 
surfaces. The rock becomes reddened in small areas, both by the existence of boulders and by splashes, as it 
were, of incipient granite of irregular shapes. In the main, however, the formation is dark-colored, micaceous 
and hornblendic (Nos, 2205 and 2206). All along the west shores of the lake the rock is decidedly micaceous and 
decidedly conglomeratic. 

Near the centre of sec. 32, T. 64-8, west shore of Disappointment lake, a little southeast from the centre, 
the mica schist is conglomeratic, having a semi-granitic aspect. It is here cut by many dikes of red granite, and 
also contains pebbles of red granite. It can hardly be called mica schist here, although denominated so in the 
field notes of H. V. Winchell and A. H. Elftman. It is a very siliceous rock, probably a part of the same general 
formation, made up of debris of granite, quartzose rocks,and perhaps of quartz porphyry, and was originally, 
when fine-grained, a graywacke. 

On the Kawishiwi river. There is a narrow belt of mica schist, belonging to the Lower Keewatin, 
extending eastward along the north side of the Kawishiwi, the continuation of that seen at “Silver City,” at the 
north end of White Iron lake. So far as it extends into T. 63-10 it is described and mapped in the chapter 
devoted to Gabbro Lake plate, chapter xxi. In the next town west it is encroached on more narrowly by the 
distinctively massive greenstones of the Lower Keewatin, and the metamorphic effect of the adjoining granite is 
not to produce mica schist, but to recrystallize the greenstone itself. However, mica schist appears through 
sections 27 and 34 on the shores of Farm lake, in sections 35 and 26, at the latter becoming somewhat gray- 
wackenitic, while in section 25 mica schist and graywacke schist are interbedded, the latter containing much 
feldspar in many distinct grains with undefined outlines. 

The first appearance of the second (mentioned ) sort of mica schist is near the gabbro margin on the 
Kawishiwi river, sec. 19, T. 63-9. The rock here is a firm, tough, dark-colored, aphanitic and quartzless one 
which weathers red in some places. It is crossed by many veins or thin seams which, being harder than the 
adjacent rock, causing sharp ridges on the surface, which cross and reticulate with each other, cause the rock to 
appear like a cemented breccia, the parts not much displaced from each other. Some open spots have lost 
weathered-out fragments that were softer. There is a general gneissic, perpendicular structure that runs east and 
west. This is on an island that rises about four feet above the summer stage of the river, and the characters of 
the rock hardly illustrate the mica schist seen at the gabbro contacts; yet quite near this island is another, further 
south, which is composed of a biotitic gneiss, and such rock continues for a mile and more eastward, when it 
gives place to a more distinctly micaceous schist. ) 

About the north ends of the northeast and southwest lakes through which the river flows in secs. 15 and 16, T. 
63-9, is an interesting series of exposures, repeating some of the phenomena seen in section 19 of the sametown. The 
old greenstone formation is here altered by the gabbro so as to form a twisted and broken gneissic, but sometimes 
heavy bedded rock, dipping in the same direction as the gabbro, and passing gradually into the gabbro, through 
a stage which is biotitic and pyroxenic ( Nos. 982-4) and which has received the name muscovadyte. The older 
rock, as has been stated, sometimes consisted of more or less siliceous graywackes and schists, and sometimes was 
largely composed of a debris of greenstone elements. In the former case the resulting muscovadyte is siliceous 
and gneissic. but it always contains a large amount of biotite. In the latter the resultant rock is more highly 
biotitic, and frequently embraces hypersthene and olivine, plagioclase, magnetite, augite and diallage ; and from 
this condition the transition is so easy to the gabbro that this phase of the older rock has been very generally 
assumed by former observers to be an accidental condition of the gabbro proper. Without a careful study of 
the field relations over very extended areas, the intermediate position of this softer mica schist, between gneiss 
and muscovadyte, and the transitions from the last into the gabbro, would hardly be recognized. This subject 
is more fully discussed later, in considering the gabbro of Lake county. A very favorable place for studying 

this series of transitions is along the Kawishiwi river in T. 63-9. 
| Along the southern shore of Disappointment luke this mica schist continues from the most gouth- 
westerly portion of the lake, but it shows in nearly all places a tendency toward the muscovadyte as seen at the 
iron locality S. W. 14 N. E. 14 sec. 4, T. 63-8 ( No. 2197). 
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(4). Muscovadyte and iron ores. After what has already been stated, it is not 
necessary to dwell on the nature and origin of the muscovadyte and its contained ores. 
It is, of course, only an accident that the northern rim of the gabbro, with the accom- 
panying alteration of the clastic greenstones, passes, along the southern side of Dis- 
appointment lake, so as to include one of the jaspilyte lenses of the Keewatin, in 
favorable position for studying its stratigraphy and its peculiar lithology. It was 
from this locality that was received the first correct conception of these ores. There 
are several similar local iron ore deposits, further toward the northeast, as well as 
toward the southwest, and they have been placed hypothetically in the base of the 
Animikie in all the annual reports, but it is now believed that they belong in the 
Keewatin, and were originally lenticular masses of jJaspilyte identical to those which ~ 
now exist in the Keewatin at Tower and Ely. Whether other iron ore deposits which 
occur well within the gabbro mass, and which are frequently titanic, can be assigned, 
any or all of them, to the same source, it is impossible to state; but it is reasonable 
to assume, under the view taken below of the origin of the gabbro, that they were 
likewise originally jaspilitic bodies in the Keewatin. 


One of these deposits is in S. E. 14 sec. 30, T. 62-10, at a distance of a mile and a half south of the margin 
of the gabbro. The ore is fine-grained and “olivinitic,” similar to that north of Birch Jake, and “the rock which 
contains it is a massive crystalline rock like gabbro, but stands in beds which are nearly vertical, though the 
dip is not constant. These strata are olivinitic, and, besides being finely granular, possess a banded structure. 
* .* * The gabbro itself being also largely composed of magnetite here renders it more difficult to distinguish 
between the two kinds of rock.” * Therock is here also quite hornblendic as well as yuartzose. A quartzyte bed 


twenty feet thick runs along the northern side of this ore. | 

The iron which is on the north shore of Fraser lake, S. W. 14 sec. 14, T. 64-7, is of the same kind. At the 
bottom of the shallow pits which have been sunk into it the ore is quite rich, though “ olivinitic” (No. 248G). 
It is in bands running east and west, and dipping south about 80°,and is frequently quite quartzose, with evident 
bedding, and is associated with considerable deposits of coarsely crystalline hornblende; the country rock is 
frequently of the nature of muscovadyte. This iron ore deposit continues, apparently, into N. E. 14 sec. 23, about 
a quarter of a mile further west, where it stands vertical, runs east and west and splits easily along parallel 
planes. It is here nicely interbanded with quartzyte,and the quartzyte becomes interbedded with a muscovado- 


like rock (No. 266G). 
Another small exposure of similar ore occurs in connection with quartzyte and hornblende rock, N. E. 14 


sec. 29, north shore of Thomas lake. 


THE IGNEOUS ROCKS OF THE KEEWATIN IN LAKE COUNTY. 


(1). Granite and igneous gneiss. There are four areas of granite or igneous 
gneiss within the limits of the county, viz.: that of Bassimenan lake, that of White 
Iron lake, that of Snowbank lake and that of Kekequabic lake. 

So far as known the first is intrusive only into the Lower Keewatin, and is sup- 
posed to be of the same age as the granite of White Iron lake, which also cuts the 
Lower Keewatin at Birch lake. The Saganaga lake granitic area is of the same age. 

The granite of Snowbank lake is intrusive in the Upper Keewatin, and is prob- 
ably of the same date as that of Kekequabic lake. = 

There are evidences also of two granites in the areas of White Iron lake and of 


Snowbank lake. There are dikes and bosses of fine-grained red granite, which cuts 


*H. V. WINCHELL, in Seventeenth Annual Report, p. 96. 
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the older granite, and it is quite probable that, in the region southwestward from 
White Iron lake, where the Giant's range rises abruptly like a monster granitic dike, 
there is a later intrusion of granite which cuts an older (White Iron lake) granite, 
although there is no field evidence, other than the suddenness of the elevation of the 
Giant’s range, of the existence of granites of two dates in the Giant’s range proper. 
Two granites appear distinctly at several places about White Iron lake and on the 
Kawishiwi. 

The Bassimenan (or Basswood) lake granite is well exposed on the islands and 
along the south shores of Bassimenan lake. It is very often gneissic; 2. ¢., 1t 1s sepa- 
rated into sheets, generally from four to ten inches thick, which are either horizontal 
or show a dip toward the south, but sometimes as thin as half an inch to two ‘Tnches. 
The partings are scarcely more micaceous than the rest of the rock, and it is evident 
that their distinctness depends much on the amount of atmospheric exposure which 
the rock has suffered. This granite is apt to vary to a syenyte, and occasionally horn- 
blende crystals are coarse, ’. ¢e., they are long and slender, as they fill vugs in the 
rock (No. 187W), or are blended in a compact hornblende mass. The rock also is 
frequently dark with the large content of hornblende. It is intrusive on the green- 
stones which it surrounds in small parts and converts to hornblende schists. Some 
phases of this rock are also dioritic. It sometimes is porphyritic with large feldspars. 
This area of granite has not been well studied. 

_ At the Prairie portage, below the falls, sec. 2, T. 64-9, this granite appears as 
narrow dikes in the schists, and forms the first barrier of the outlet of Sucker lake. 
In its coarser aspects it 1s a characteristic hornblende granite, or syenyte, with quartz 
(No. 2211), but in many cases it is fine-grained, and, as the schist is granitized, the 
two are quite similar in some hand specimens (Nos, 2212, 2213). A view at North- 
east cape, in Bassimenan lake, is shown by figure 2, plate AA. 

The granite of White Iron lake extends into Lake county on the island formed 
by the branching of the Kawishiwi river. It is here (west side of T. 62-11) coarsely 
porphyritic with orthoclase (No. 136aK and Nos. 136bE, 953). This coarse compo- 
sition prevails toward the northeast, the orthoclases being half an inch thick and 
sometimes reaching an inch anda half. A fine-grained syenyte is distributed through 
this rock, very capriciously occurring in dikes and veins, and sometimes in the form 
of larger masses or layers. 


At the north end of Copeland's lake a change takes place. There is a dike running apparently nortb- 
northwest from the little bay in northeast corner of sec. 7, across the river, probably being the chief agent in 
determining the location of the rapids at the head of Copeland's lake. It cuts through syenyte. On the east 
side of this ig much confusion in the character of the rock. Sometimes it is gneissic syenyte, not porphyritic. 
Sometimes it appears to be diabase in limited areas, and sometimes apparently a dioryte, and again a fine- 
grained syenyte, and a distinct gneiss, the last having a dip northwest about 80°. On the west shore, running 
from sec. 6 to sec. 5, T. 62-10, is a bold and conspicuous perpendicular wall of fine-grained syenyte, having & 
frequent jointage like an igneous rock. A little further east, near the town line between sec. 5, T. 62 -10, 
and sec. 32, T. 63-10, on the west shore of the bay, the underlying rock is a peculiar greenstone or dioryte, firm 
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and tough, and very dark colored (rocks Nos. 2215-2220). This dark green rock is not a part of the Kawishiwin 
greenstone, at least in its present form, but is an igneous rock of later date. It becomes a coarse dioryte and 
then a syenyte, and passes by insensible gradations into the hornblendic and granitic rock of the country. It 
occupies a considerable area along the west side of the bay mentioned. 

At the 8. W. 14 sec. 4, T. 62-10, is a nearly perpendicular wall of reddish, fine-grained syenyte, having 
the appearance of “ palisades” and recalling the “great palisades” of the north shore of lake Superior. It stands 
in a rudely columnar and slightly sloping position, rises from the lake level to the hight of forty or fifty feet 
and extends along the lake shore about twenty-five rods. Long columns fall away. The same red, fine-grained 
syenyte appears in the bay in sec. 9, T. 62-10, and along the bay into which the river flows from the southwest. 
This red syenyte (No. 979), which sometimes is very hornblendic, continues to the gabbro contact, S. W. 14 sec. 9, 
T. 62-10, where it is embraced more or less within the gabbro, apparently as inclusions. 

Similar fine-grained red rock appears on the west side of White Iron lake, N. E. 14 N. E. 14 sec. 14, T. 62-12, 
forming a ridge at the lake, forty feet high, sloping to the north and west (No. 24E). This has a fiery red color, 
and is about twenty feet thick, massive and dike-like, stands nearly vertical, with a sharp contact on the granite. 
Veins of red rock run from the main mass into the surrounding granite, showing the later origin of the red rock. 

At numerous places along the Kawishiwi the same rock appears. Near the centre of sec. 26, T. 63-10, on 
the north side of the lake, the outcropping syenyte is very hornblendic, making nearly a black rock. In patches, 
however, is seen a fine, red syenyte, the transition from one to the other being abrupt. The red syenyte becomes 
at once the prevailing rock, and is much developed in hills about fifty feet high, in N. W. 14 N. W. \% sec. 26, 
T. 63-10. 

On the N. W. 14 sec. 27, T. 63-10, is a fine-grained, firm, slightly micaceous quartzose (and also feldspathic) 
gray rock (No. 989) with evident sedimentary bedding E. 50° S., at an angle of 75° from the horizon, resembling 
a graywacke in color and grain. The few “mica” scales seen are not of biotite, but are greenish. It is similar 
to some graywackes seen at Vermilion lake. Across the river north-northeast from this rock is a nearly white 
gneissic rock, a kind of feldspathic graywacke, dipping northeast. This has some reddish weathered spots. In 
the line of strike east from No. 989 is a small island in the lake, so near the shore that it cannot be of any 
other rock than No. 989. It contains rock No. 991, and, while it is gray within, and has the same gneissic or 
faintly bedded structure, it weathers light red, and at a short distance it might be taken for fine red syenyte. 

A little east of No. 990 appears No. 992, a kind of chloritic syenyte. This is massive or heavily bedded, 
without gneissic structure, weathers red —apparently an irruptive rock, at least being outwardly disposed like 
an igneous rock. It is closely cross-jointed, making small lenticular angular blocks. It continues east along the 
north shore (No. 993) as far as the quarter-post of section 22, and becomes the red syenyte noted further east. 

On the point between the two bays on the south side N. W. \4 sec. 27, T. 63-10, the rock is the same as 
rock No. 991 and dips southerly, but with a less evident gneissic structure. Finely twisted and back-folded 
bedding can be seen on the weathered surface, like some seen in the graywacke on sec. 20, T. 62-15, showing a 
former plastic or nearly plastic condition. Inthe midst of it appears rock represented by No. 994, which is a 
fine red quartzose rock. This is taken at random from the surface of this zgraywacken gneiss. It is sub-crystalline, 
yet contains many fragmental grains. The color is light red, sprinkled through, or about evenly divided, with a 
light green, the former being apparently orthoclastic and the latter epidotic. “This shows the possibility, nay 
the actuality, of this graywacken gneiss becoming the prevailing red syenyte of the region, the whole having 
resulted, as already intimated, from a modification of the sedimentaries. This graywacken gneiss, when fused 
completely, seems to have produced the rock No. 993. When changed less it constitutes the ‘ palisade rock’ of 
the region, and mingles with the gabbro. When less changed it makes the red-weathering, fine, sub-crystalline 
gneiss. This interesting observation, while it may not account for all the red syenyte and gneiss of the region, 
yet affords a plausible supposition for the origin of that which is associated closely with the gabbro rock.”* 

Another form of the modified sedimentary rock is No. 995, which succeeds to the rock No. 991 in N. W. 14 
sec. 28, T. 63-10. It is hornblendic, quartzose, orthoclastic—at least has reddish feldspar grains (not crystals) — 
gray and firm. It is micaceous in streaks or laminw. It makes the long rapids here, and rises in the form of a 
ridge running northeast -and southwest, in the direction of the strike of rock No. 991, rising about eighty feet 
above the river. The general structure dips southeasterly at an angle of 80° from the horizon. Along the imme- 
diate river channel this rock rises on the right and left somewhat in the manner of the fine red syenyte or 
“palisade” rock, nearly perpendicular, having a jointed and pseudo-basaltic appearance. It is apparently irrup- 
tive in the greenstones of the Lower Keewatin, as well as in the coarse porphyritic granite of the White Iron 
Lake region. 


The granite and porphyry of Snowbank lake. The lake itself occupies the most 
of the area of this granite, but about the shores it is frequently seen penetrating 
the conglomerate and the mica schists of the Upper Keewatin. It extends nearly 
across the narrow strip of land separating Snowbank lake from Disappointment 
lake. It has been noted that in places this granite is augitic (Nos. 522G, 524G, 271E 


* Fifteenth Annual Report, p. 853, 1886. 
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and 2194), resembling in that respect that of the region of Kekequabic lake. It 
is not believed that this is due to any difference of origin or of date, but that the 
augitic character appears sporadically according to the nature of the clastics from 
the metamorphism and fusion of which the granite is supposed to have been derived. 
Very frequently this granite is rather a syenyte or occasionally a dioryte (No. 487G). 

One of the most interesting features of the granite of Snowbank lake is its 
relation to a porphyry, sometimes a quartz porphyry, and sometimes a granite 
porphyry (Nos. 1729, 2189, 2196, 270E, 290G and 497G), and through this rock to the 
porphyritic conglomerate of the region which is a part of the Upper Keewatin. 

There is a noticeable parallel between the geology of this lake and that of 
Kekequabic lake. In each there is a porphyritic conglomerate, a porphyry which 
becomes granitic, and a granite which is sometimes augitic. At Kekequa- 
bic lake the porphyry is known also to be sometimes augitic, but that character 
has not yet been observed certainly in the porphyry of Snowbank lake. Field 
observations by nearly all members of the survey testify that the conglomerate 1s 
so nearly related to the porphyry that they cannot be separated in many instances. 
This is a repetition of the fact which has been observed in other places, notably 
about Zeta lake, where a porphyritic conglomerate acquires the outward characters 
— of an intrusive, and even at Vermilion lake, where by pressure some of the coarse 
fragmentals have been crowded into the spaces separating broken parts of the sur- 
rounding clastics. The conglomerate being thickly sprinkled with fragments of 
feldspar crystals, which are sometimes accompanied by quartz, and also by frag- 
ments of granite and of jaspilyte, must have been originally of fragmental origin and 
mechanical accumulation. The “porphyritic ” appearance is due therefore to the 
nature of the debris, and not toa formation of feldspars afterwards. These feld- 
spars are not always found, but the rock grades into graywacke and to argillyte. 
By the metamorphism which was imposed on this fragmental rock, and which was 
accompanied by pressure and folding, and resulted, in the granitic area, in the com- 
plete fusion of the clastic materials, a great variety of structural as well as petro- 
graphic facts of importance and high geologic interest were developed. The 
petrology of the rocks collected about Snowbank lake has not been so completely 
investigated as that of the rocks of Kekequabic lake, but as the two regions are 
unquestionably parallel in their leading features the conclusions derived from one 
may be applied to the other. The important facts are: 

1. Transition from the conglomerate to the porphyrel and to porphyry. 

2. Transition from the porphyry to the granite. 

3. The granite cuts the conglomerate, and also the porphyry. | 

4, The formation in general, when it was not fused, is re-crystallized, and its 
conglomeratic composition is still apparent in the mica schist which -resulted. 
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5, The mica schist is sub-granitized over large areas, weathering red like a 
fine-grained granite, though still retaining its sedimentary banding. 

6. The coarser beds of the formation, especially the conglomeratic, are first to 
show the effects of re-crystallization, and apparently first take up the réle of an 
intrusive. 

7. Inthe process of re-crystallization of a conglomerate containing clastic feld- 
spars, the fine matrix is completely micro-granitized and interlocked, the original 
outlines of the fine grains being lost, thus forming a ground mass, as of an igneous 
rock. As the grains are larger and larger, they show more and more distinctly their 
original forms, but this depends also on the intensity of the metamorphosing force, 
which obviously varied from place to place. As the feldspar fragments become coarse 
enough, at any point in the sedimentation, to preserve their outlines after metamor- 
phism, they are seen to be interlocked about their margins, by the addition of zones 
of new feldspathic growth, into the fine surrounding matrix, and also to contain 
new feldspathic restorations. Such new growth is sometimes in the form of micro- 
perthite, following the original lamination or cleavage of the feldspars, but is more 
frequently distributed irregularly throughout the original grains. 

8. A granite results from this process by increasing either the intensity of the 
metamorphism, carrying it to aqueo-igneous fusion, or by beginning with a clastic 
of uniform granularcomposition. In the former case the coarser, if not the coarsest, 
of the original grains lose their outlines, and in the latter, by any degree of meta- 
morphism, a granitic texture 1s acquired. But in both cases the original clastic 
grains can still be detected, in numerous thin sections, by the differences existing 
between the old feldspars and the restorations, and in the latter case there might 
be a complete petrographic gradation from granite, through a fragmental gneiss to 
graywacke and to any ordinary grit. 

9. Quartz serves as the readiest element to suffer these changes and to act as 
a new cement, taking the forms of micro-granulyte and micro-pegmatyte. 

10. The ferro magnesian elements of the original clastic, when they exist, are 
changed, for the most part, to hornblende, but in the porphyry and granites of Snowbank 
and Kekequabic lakes it sometimes retains its augitic characters, in whole or in part. 

ll. Itis evident that the more fluid parts of the altered rock would necessarily 
penetrate openings in all the less fluid, and for that reason the granite forms intru- 
sions on the porphyry and on the schists; yet this is not invariably the case, for at 
contacts of the granite and the porphyry the latter has been seen entering the former 
as little finger-like dikes over small distances, as though the porphyry were in a fluid 
state later than the granite. Such variations might take place by reason of a tem- 


porary release or shifting of the centre of metamorphic intensity. 


290 THE GEOLOGY OF MINNESOTA. 
(Granite and porphyry at Snowbank lake. 


12. From the nature of the case the intrusive porphyry exists in limited 
amounts, while the granite occurs in large bosses and as wider dikes. A fusion ona 
sufficiently large scale to form a large amount of intrusive porphyry would require 
so slow cooling as to convert the fused rock necessarily into a granite. 

13. The belt of metamorphism and fusion of the Upper Keewatin clastics wit- 
nessed at Kekequabic and Snowbank lakes was perhaps cotemporary with the forma- 
tion of the fine red granites which appear on the Kawishiwi and on White Iron lake, 
cutting the White Iron Lake granite, and perhaps the dikes occasionally seen in the 
Lower Keewatin graywackes and schists between White Iron lake and Snowbank 
lake. Whether this epoch of folding and metamorphism was also that which gave 
origin to the gabbro which is immediately adjacent on the south is not now known, 
but, while it is reasonable to suppose it was, there are differences which indicate that 
the gabbro was later. In any case, the molten rock, which becomes the intrusive, 
was caused to set back, sometimes several miles, upon the strata still unfused, and 
to penetrate and even overwhelm them in a general catastrophe. Usually such 
intrusives only penetrate the strata from which they are derived or those of later 
date, but occasionally they penetrate older rocks which lie within the course of the 
metamorphic belt. Thus occur a few acid dikes in the oldest greenstones southward 
from the Saganaga Lake granite boss, and perhaps others in the Kawishiwi valley, 
T. 63-10. 

There is a porphyry which belongs in the Lower Keewatin which should not be 
confounded with this porphyry-conglomerate. That, probably, was in part the 
source of the fragmental feldspar crystals seen in this, when they were not derived 
from volcanic aetion in Upper Keewatin time. The older porphyry is more distinctly 
an igneous rock, and is described in a subsequent paragraph. 


The remarkable conglomerate which forms the basal member of the Upper Keewatin exhibits a composi- 
tion dependent on the nature of the rock from which it was derived. Its so-called porphyritic aspect, forming 
‘“porphyrel,” is predominantly displayed between Moose and Snowbank lakes, but it also extends southwest- 
wardly into T. 63-9, and northeastwardly to Kekequabic and Ogishke Muncie lakes. Its double réle of sedimentary 
and intrusive is abundantly evinced by the statements of the field-books of A. Winchell, A. H. Elftman, H. V. 
Winchell, U.S. Grant and of the writer, although, in some instances, without a full apprehension of the significance 
of the anomalous facts recorded. Therefore, there has been a varied interpretation. By A. Winchell the facts 
were fully understood at the logalities examined by him. By Mr. Elftman the whole conglomeratic belt between 
Snowbank and Moose lakes was considered of igneous character—a porphyry mass of the Lower Keewatin cutting 
the greenstone—the source of many of the pebbles seen in the western portion where the conglomeratic com posi- 
tion is well preserved. Still, he makes record of the fact that, as a porphyry, it contains boulders and also cuts 
the Upper Keewatin. H. V. Winchell states that the porphyry becomes conglomeratic, and Dr. Grant reports the 
anomalous fact of a conglomeratic granite at Kekequabic lake, which he cannot explain, and leaves it in doubt 
whether it constitutes a part of the granite of the region.* The actually intrusive action of this conglomerate, 
where it contains conspicuous feldspars, is visible only in the region west of Snowbank Jake and round the borders 
of the small granitic boss at Kekequabic lake. Where it does not contain conspicuous feldspars, and acts still as 
an intrusive, the rock is a fine-grained granite without noticeable peculiarities, for, where the coarse feldspars are 
wanting in the original, it is evident that no pebbles of any kind large enough to warrant the term conglomerate 
could have been gathered under the action of sedimentary selection, and the granitizing of such a rock without 
complete fusion would produce a non-porphyritic granite, 


* Chapter xxiii, Fraser Lake plate, 
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It has been noticed, also, that the finer portions of the original clastic formation sometimes survive en masse 
and maintain their outward characters longer than the coarser, and thus make their appearance as bands and 
as fragments in the midst of the coarser materials after the granitization of the formation. 

There are several dikes of porphyry in the region of the Kawishiwi, T. 63-10, which are supposed to cut 
the Lower Keewatin ( Nos. 300G, 402G, 403G, 411G, 413G-415G, 417G, 458G ). This rock is quite similar to the 
porphyry which cuts the Upper Keewatin west of Snowbank lake, when examined microscopically, and also is 
like the porphyry which occurs at Kekequabic lake. If these dikes preceded the Upper Keewatin, thus being 
probably cotemporary with the origination of the White Iron Lake granite, they may have united with that 
granite ( which is often conspicuously and coarsely porphyritic) in giving clastic feldspars to the conglomerate 
of the Upper Keewatin. Their source, therefore, under the hypothesis of this chapter as to the origin of such 
intrusives, must have been from some acid materials of the Lower Keewatin, and perhaps from an acid frag- 
mental not yet identified in the Lower Keewatin. But these dikes may also be of date later than the Upper 
Keewatin, whatever their source, for they are in the metamorphic zone which crosses the county from White 
Iron lake to Kekequabic lake. In that case they may also have originated from a possible acid fragmental in the 
Lower Keewatin, as above, or they may be the result of a sidewise intrusion of fused or plastic Upper Keewatin 
into the Lower Keewatin at the date of the origination of the granite of the region of Snowbank lake. Mr. Elft- 
man has also noted such dikes cutting the greenstones south of Moose lake. 

Numerous details of field-observation will be found in the chapter (XXII) devoted to the Snowbank 
Lake plate. 

Note. Later observations made in September, 1898, in the region southwest from Snowbank Jake, afford 
some interesting facts respecting the Lower Keewatin porphyry above mentioned. 

At the east side of sec. 8, T. 63-9, near the quarter post, is a large area of this rock (No. 2228), extending 
westward. Its orthoclase crystals are rather fragmentary, yet one crystal was seen an inch and a quarter in 
larger diameter. Two diabase dikes here cut this rock, one being four feet wide and the other an inch anda 
quarter. This diabase sometimes shows clusters of crystals of plagioclase. The porphyry holds rounded quartz 
pebbles, sparsely as a usual thing, and rather fine, resembling porphyritic quartzes, but one was seen which 
measured three-fourths of an inch in diameter. It also contains occasionally pieces of greenstone. It is seamed 
with veins of finely granular quartz of the Jaspilitic sort, and of vitreous quartz, the latter in large deposits. 

The contact of this porphyry is on a greenstone conglomerate, which conglomerate lies on the agglom- 
eratic Lower Keewatin greenstone, and contains only greenstone materials. The porphyry is mainly green at 
the point of contact, but is spotted with rounded fragments of white and red jaspilitic silica. Although in one 
place these two rocks were seen to approach each other within two or three feet, it was not possible to find them 
in absolute contact. Near the plane of contact, at a short distance cither way from the place at which the two 
rocks were seen near together, are large deposits of vein quartz which belong in the porphyry. 

There is no appearance of any porphyry ingredients (orthoclase crystals and vitreous quartz) in the green- 
stone conglomerate, but there are a few fragments of greenstone in the porphyry. The whole structure is 
elongated N. 65° W., as shown by the shapes of the green pebbles in the greenstone conglomerate. 

There is a swampy tract near the same quarter post, now nearly free from vegetation by reason of a 
burning four or five years ago, in which the surface is composed of boulders, ninety-nine per cent. of them being 
apparently of this porphyry. One of these boulders seems to have come from the plane of contact between the 
greenstone conglomerate, above mentioned, and this porphyry. There seems to be here a transition from the 
greenstone conglomerate to the porphyry, as shown by the figure below.. 
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FIG. 38. ALTERNATING MANNER OF CONTACT OF PORPHYRY ON GREENSTONE CONGLOMERATE, 


There are three bands of porphyry about three-quarters inch thick, separated by three bands of green 
schist, about one-eighth inch thick, the whole transition being complete in about four inches. This has the 
characters of a sedimentary transition. The materials of the porphyry are rather fine at first, but constitute a 
real porphyry which is otherwise like the body of that rock, except being a little darker colored, perhaps by 
reason of disseminated green element from the greenstone. 

Following the strike about northwest, at a distance of about one-quarter mile from the section line, and 
further, along a spur of high land, the north-south order of occurrence of the various rock masses is found by 
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the observer to be as represented by the following diagram, figure 39, which may be supposed to include the 
interval of about a mile and a half, the larger part of that interval being occupied by a greenstone which is fre- 
quently agglomeratic, and extending north from the great greenstone ridge which is a conspicuous landmark 
existing at the corners of secs. 8, 9, 16 and 17, T. 63-9. Immediately to the north from this ridge is a thin band 
of greenstone conglomerate which, at the point examined, has a thickness of 105 feet, the structure standing 
vertical and striking northwest. The manner of transition from this conglomerate to the porphyry has not been 
seen in situ but is supposed to be represented by the boulder sketched above (figure 38), It would be unwar- 
ranted to base an important conclusion on a single observation, especially as the boulder examined may have 
had some other source. Yet, as no instance was found of the intrusion of this porphyry into the greenstone to 
the south of it, there is no authority aside from the nature of the rock to assume an igneous contact on the 
greenstone conglomerate. The porphyry, however (No. 2229), furnishes much debris to the conglomerate 
(No. 2230), which overlies it apparently by regular detrital sequence. This porphyry conglomerate can be seen 
here only six or eight feet thick. It fades out soon into a greenstone (No. 2231) which appears to be massive, 
but which is to be classed provisionally with the fragmental greenstenes of the Lower Keewatin. This later 
fragmenta] greenstone is therefore separated from the more clearly igneous (and earliest) greenstone by a remark- 
able band of porphyry. It develops further north into an extensive formation having an indefinite thickness, 
and as a conglomerate it extends westward as described Le!low. 
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FIG. 89. NORTH AND SOUTH SECTION. 
East side of sec. 8, T. 63-9. 


The greenstone conglomerate contains, so far as can be seen, nothing but greenstone debris, and fine jas- 
pilitic silica in small pebbles. The largest pebbles are from two to three inches in their longer diameter, but in 
general they are about half an inch. The conglomeratic character fades out into a green schist, with a vertical 
structure in both. : 

In the porphyry there are sometimes indistinct traces of a banding like sedimentation, but, in general, 
this rock is homogeneous, massive, hard and jointed like an igneous rock. It is not always porphyritic, but has 
a graywacken aspect. Indeed, there is more of the non-porphyritic than of the distinctly porphyritic, but there 
is no possibility of separating one from the other. So far as can be seen here this poryhyry can be considered 
one of a successional series of strata laid down by oceanic forces, and such it would be considered in the light of 
all that can be discovered, were it not for the nature of the rock, which, according to universal acceptance, 
requires that it be classed as an igneous intrusive. (Compare the twenty-fourth annual report, p. 71.) 

To the north of this porphyry, as already mentioned, is a belt of supposed fragmental greenstone. This 
belt, on the section line between secs. 8 and 9, T. 63-9, is about 275 feet wide, and next north of it appears a rock 
similar to the porphyry, but a little finer grained and somewhat schistose, with a coarse, rough structure. Again, 
north of the quarter post, which is at the creek, the porphyry reappears, somewhat schistose and rough, approach- 
ing graywacke. At still further north, perhaps a quarter of a mile north of the quarter post, the porphyry varies 
to a gray, siliceous, hardly porphyritic rock (No. 2232), a near approach to praywacke. This continues northward 
for quite a distance, when a green phase comes on (like No. 2231). This rapidly fades out into a bluish-green, coarse, 
schistose slate, then to a lighter coarse slate or graywacke, which continues north to the swamp. In the swamp, 
at fifty paces south from the section corner (northwest corner section 9), are low, moss-covered knobs of slate 
(No. 2233), which is apparently cut by a dike of greenstone running northwest (No. 2234). No idea of the struc- 
tural relations of the parts noted in this section lying northward from that shown in figure 39 could be obtained 
in the rapid traverse made. The rock simply varies from point to point, as noted. 

This porphyry is seen again extensively in making a trip along the north side of section 8 in the same 
town. Starting from the northeast corner of the section, after a swamp of a quarter of a mile, rocky country of 
low hills supervenes, from which the forest has been burnt. At first these hills consist of graywacke, rather 
coarsely schistose and hardly showing any sedimentary banding, but striking N.25° W.(magnetic,. Here is also 
a greenstone Jater than the porphyry, for it contains mass of the porphyry. These two rocks occur here in 
isolated knobs and short ridges, quite irregularly and regardless of the northwest strike. This greenstone (Nos. 
9235, 2240) also carries fine pebbles from the porphyry, strung out northwest ina sedimentary manner, the pebbles 
being from one-eighth to three-fourths of an inch in diameter. It is plain, from the structures seen here, that 
there is great confusion, conseyuent, probably, on the abnormal strike; and it is to be presumed that the gen- 
erally mixed arrangement of the two rocks is due to that greater irregularity. The greenstone here shows no 
agglomeratic structure, but it is hard, massive, jointed irregularly and seamed, and at the southern border is 
crowded with porphyry debris (plate Z, figures 1 and 2). 
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At 650 paces west of the corner post is a north and south greenstone dike (No. 2236) cutting the quartz 
porphyry. About four rods west of this dike * is an evidently fragmental spot in the porphyry. The whole rock 
is roughly schistose in a direction about E. 25° N., ridged with interrupted finer belts resembling siliceous 
argillyte, and holds pieces of greenstone and slaty greenstone varying in size from ten inches (rounded) to one- 
half inch. It also has pieces of Jaspilyte and rounded quartz. The slaty greenstone is like argillyte, and runs 
usually with the structure, standing on edge. It (the porphyry) contains much quartz in grains less than a pea, 
but also as large as an inch in diameter, the last being very rare. Atthe same time quartz grains that cannot out- 
wardly be distinguished from the quartzes of quartz porphyry are abundantly disseminated through the rock. 
Indeed, the bulk of the whole consists of more or less rounded fragments of orthoclase and quartz, lying in a 
fine pellucid matrix, which also appears to be essentially quartz, in sufficient abundance to keep the coarser 
grains from interlocking, but allowing them to come loosely into contact (No. 2237). 

There are variations in this porphyry. Sometimes it has much and distinct orthoclase, and in other cases 
none. It also varies to an exceedingly fine-grained rock with no apparent quartz nor feldspar, as crystals; but 
yet on close examination it 1s seen that fine quartz grains are still present. In other cases it holds vitreous 
quartz grains surrounded by a mesh of quartz which is apparently like that of the jaspilyte, z.e., very finely 
granular (No. 2238). Indeed the rock shows some alliance in structure and composition with the well known 
jaspilyte. 


EXPLANATION. 
Gre=Granite. Gre Greenstona 
Gr Gn © Gronitie Greenstene. 
Og = Ogishke Conglomerate. 
MOg = Micacowe Ogishke Cong. 
POg=Porbhyritic - “nd 
M = Mica Schist. GeOg = Graz 


itized lores Conglomerate. 
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FIG. 40. THE GEOLOGY OF SNOWBANK LAKE. 


Outcrops occurring in the swamp, just west of this dike, show a sub-granitic rock (No. 2239) resembling 
the grayish-red granitic rocks at Kekequabic lake, but on the westerly side of this swamp the porphyry has 
abrupt contacts on a greenstone containing original jaspilyte. Such contacts could be formed by the folding and 
twisting which the rocks have suffered here. The porphyry occurs suddenly in knobs and small areas, some- 
times coincident with the schistosity of the greenstone and sometimes across it. The region is plainly one of 
great dynamic displacement, and such relations may be due entirely to such displacement. The conglomeratic 
transition (No. 2240) from the porphyry to the fragmental greenstone ovcupies normally about four feet; but 
large masses of the porphyry, apparently detrital, are in the greenstone at greater distances, say fifty feet, from 
the porphyry, while at the same time larger masses are detached, evidently by folding, these being some- 


* This dike is that mentioned by H. V. Winchell, and described as passing under Copeland’s cabin (No. 516H), Seventecnth 
Annual Report, p. 128, 
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times very large and sometimes consisting of parts of this conglomeratic zone. Such features are visible N. W. 
WN. E. \4 sec. 8, T. 63-9, at 430 paces west and about eighty paces south of the northeast corner of section 8 
(see plate Z, figures 1 and 2). 

There is here visible also a conglomeratic phase which comes on toward the northeast from the mass of 
the porphyry appearing like the Upper Keewatin. It embraces quartz porphyry pebbles, with quite a number 
of greenstone, of hard, flinty slate, jaspilitic quartz and gray quartzyte. This change is within a foot, and the 
apparent base for the conglomerate is the porphyry itself. The conglomerate has a thickness of about twenty 
feet and grades off to a graywacke which is distinctly bedded. The pebbles of the conglomerate are small, and 
the rock so gradually passes in the other direction into the non-conglomeratic kind that it is impossible to point 
out the contact with the porphyry proper. It is evident that throughout this region of porphyry there are mas- 
sive areas of porphyry, sometimes sub-granitic, and other areas of detrital rock largely derived from such por- 
phyry, which can hardly be distinguished, at least in the field, from each other. 

It will require much time and more careful study than it has been possible to give to this rock in this 
region to warrant any attempt to outline it geographically, or to distinguish the massive from the fragmental. 
Added to the great resemblance of the fragmental to the massive, is the broken and folded condition of all the 
formations, which increases the intricacy of the structure and the difficulty of the tracing out of the dif- 
ferent parts. 

Between Moose and Flash lakes, T. 64-9, and occupying a tract of high land running northeast and south- 
west for several miles, may be seen much of the porphyry above noted. It is closely folded with beds that have 
been formed by debris, from it and from the Keewatin greenstones, involving the stratigraphic line of separation 
of the Upper Keewatin from the Lower. There is a succession of ridges of greenstone and porphyry, the most 
southeastern hill range being of agglomeratic greenstone, and the rocks toward the northwest being in the 
higher stratigraphic horizon. The most characteristic features of the Stuntz conglomerate are near Moose lake 
The strata stand sometimes vertical, but sometimes dip at a high angle toward the south or southeast. 

The outline sketch of Snowbank lake on previous page (figure 40) shows the geology of its shores as made 
in the field by the writer in 1892. : 


The granite of Kekequabic lake. The characters, both microscopical and regional, 
of this granite, are given in detail by Dr. Grant, in the chapter (xxiii) devoted to the 
Fraser Lake plate. A large series of thin sections from this locality have been 
examined, and the results of petrographic study are given in the chapter devoted to 
that subject. These results are also summarized in the chapter on Structural 
Geology in vol. v. They are practically the same as those already stated for the 
Snowbank Lake area. Dr. Grant’s description goes into the details of the mineralogy 
of the granite and the porphyry, and recognizes fully the wholly crystalline and 
plainly intrusive features. It may be well to direct attention to the rocks which are 
not fully described in that chapter, but which are designated “contact rocks,” and 
“hornblendic phase of the granite,” the latter being plainly conglomeratic, for in 
these apparently exist the links that bind the fragmental rocks of the region gen- 
etically with the intrusive. 

(3). Later dikes of diabase. Throughout the county, north of the northern 
border of the gabbro, are found dikes of fresh diabase. They are the latest formed 
rocks of the area of the Keewatin, but belong to the date of the Keweenawan. 
These dikes are usually over six inches in width, and not infrequently they are from 
ten to fifty feet. They run in all directions, and are frequent near the northern 
border of the gabbro, from which they are presumably peripheral offshoots. 

There is another series of diabasic rocks, not generally occurring as dikes, 
which apparently have a different origin and an earlier date, to which brief allusion 
should be made. They are constituent parts of the Lower Keewatin, and to some 
extent also of the Upper Keewatin. They lie in the axis of the metamorphic belt 
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but outside of the areas where that metamorphism resulted in the fusion of the acid 
clastics, and seem to be due to the same metamorphism exerted on the greenstones. 
They have been mentioned in Ts. 63-9 and 63-10, where they embrace sometimes the 
jaspilyte ores, but they also occur in the general greenstone areas in other towns, 
and in some cases they are closely associated with the Upper Keewatin about Snow- 
bank lake. They have not been differentiated carefully from the intrusive diabases, 
nor have they been studied petrographically. It is simply suggested here that they 
are metamorphic conditions of the greenstones of the Keewatin, sometimes of the 
massive and sometimes of the clastic portions. If the greenstones received the 
pressure and heat which converted the conglomerates, etc., into granite, they were 
probably reformed, and may not only have been converted into fresh crystalline 
diabases, but may have penetrated the adjoining rocks as dikes in the same manner 
as the granite. This may be the source of some of the diabase dikes that occur in 
the northern part of the county. If the greenstone formation be allowed to be the 
primordial crust of the earth it must underlie all the granitic and other rocks, and 
in case of folding and fissuring of the overlying rocks this basement of greenstone 
would be likely to send numerous tongues upward through the granites at great dis- 
tances from any surface exposure of the greenstones, and this may have occurred at 
any of the epochs of folding and fusion. 


THE TACONIC, 


The rocks which succeeded to the Keewatin in Minnesota are divisible into 
Animikie and Keweenawan, and are believed to be of the age of the Lower Cam- 
brian, which in America early received the name Taconic. These parts are separated 
by a non-conformity which, though not conspicuously exhibited in Lake county, is 
marked by a basal conglomerate and a quartzyte. It is an interesting fact that 
these parts are both profoundly affected by igneous basic rocks. The earlier part, 
however (Animikie), is not known in Minnesota to have been accompanied with 
cotemporary surface eruptions. Its igneous rocks are all (or nearly all) of later date 
than the clastic rocks of the formation itself, and take the shapes of dikes, sills 
(Logan sills, so named by Lawson), and perhaps small laccoliths, of the date of the 
gabbro or of some later intrusives. The Keweenawan, however, beginning, chrono- 
logically, with the basal conglomerate lying on the Animikie, and its eruptives, was 
accompanied by cotemporary surface lavas, often of great volume, which formed 
sheets that spread connectedly over many miles of surface, and which are separated, 
toward the end of the formation, by beds of red sandstone, or by sandstone and 
shale. As the igneous activities waned the region gradually sank, allowing the 
ocean to cover large areas which had been dry land, and the later deposited frag- 
mental rocks are much thicker and more extended than the earlier. On the entire 
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cessation of igneous activity the sandstones, becoming white and siliceous, increased 
still in thickness, and finally were replaced by magnesian and argillaceous limestones, 
which are conformably interstratified with them, thus intreducing the Hinckley and 
St. Croix series, the equivalent of the Upper Cambrian. 

When the term Keweenawan is applied to the rocks of Minnesota a certain 
degree of confusion is introduced, since it was made to cover the igneous rocks of 
the Animikieand of the sandstones and conglomerates which lie above the Animikie. 
The igneous intrusions into the Animikie (the gabbro and the red rock) and their 
surface equivalents, were completed before the date of the great conglomerate, and 
chronologically have therefore nothing to do with the Keweenawan. As an appel- 
lation for the igneous rocks simply, regardless of the chronologic extent of the term 
Animikie, Keweenawan has significance, but as a time division, beginning after the 
Animikie, it should exclude a large part (probably the greater part) of the basic 
igneous rocks to which it was applied, so far as they occur in Minnesota. The base 
of the conglomerate 1s a chronologic datum which should separate the formations. 

The Animilie. There is not a known exposure of unquestioned normal Ani- 
mikie in Lake county. There is a conspicuous belt of “ red rock” which is supposed 
to have resulted from the fusion of the Animikie (and perhaps older rocks), crossing 
the county from southwest to northeast, south of the main gabbro belt, but this will 
be treated in the discussion of the igneous rocks of the Taconic. 

There is also a series of outcrops of iron ore which in the annual reports and in 
the bulletins have been referred to the Animikie. They are the quartzose and 
olivinitic ores that occur near the northern border of the gabbro, associated in all 
eases with a greater or less amount of muscovadyte, which are now referred to the 
Keewatin, having received their present characters by the action of the gabbro revo- 
lution upon the jaspilytes and associated greenstones of that formation. These ores 
have already been described under the heading Muscoradyte and its tron ores, ina 
previous part of this chapter. 

The strike of the Animikie strata is approximately represented by the band of 
red rock, and as this runs along south of the main gabbro mass, and has a general 
agreement with the major structures of the northeastern part of the state, it appears 
to be, primarily, located by those orogenic forces which determined the position and 
form of the northwestern environs of the lake Superior basin, and in that respect 
the red rock, as well as the gabbro, shows an alliance with those great land move- 
ments which have always determined the limits of the oceanic formations. These 
rocks now have a distinctly igneous nature, but their distribution and position con- 
form to a possible earlier clastic nature, when they were brought to the general 
positions they now occupy. In the absence of definite facts bearing on this question 
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within Lake county, it can only be assumed here as a plausible*hypothesis that the 
red rock represents the original Animikie, after fusion and more or less transporta- 
tion from its original strike. (Compare chapter xxviii, Pigeon point.) 

The gabbro and other igneous rocks of the Animikie. Facts which are detailed in 
the chapters devoted to the region of Pigeon point and that of Duluth (plates Ixxxv 
and Ixxxvu) show the necessity of dividing the Keweenawan igneous rocks of Irving 
into two parts, the earlier having penetrated the Animikie and fused it and become 
consolidated prior to the accumulation of the next fragmental, the great Puckwunge 
conglomerate, and the later occurring as surface flows after the formation of the 
conglomerate, and to some extent during the conglomerate. This separation into 
upper and lower, or later and earlier, is quite different from all the divisions intro- 
duced by Irving. His “ Upper Keweenawan” included the later diabases and much 
of the red sandstones—i. e., the “tilted red sandstones”—and the lower diabases 
with the gabbro were included by him in the “ Lower Keweenawan.” In order that 
the upper and lower Keweenawan, as described in this report, may not be con- 
founded with the designations employed by Irving and the Wisconsin reports, it has 
been thought best to apply new names to the two parts, viz.: 

Cabotian, including the gabbro, anorthosyte, red rock and the great Beaver Bay 
diabase, with all surface lavas that preceded the Puckwunge conglomerate. This 
name is taken from the ancient nameapplied by Buchette, according to Schoolcraft, 
to the mountain range that appears at Duluth formed by the gabbro, and which 
extends in general eastward, outlining the rim of the lake Superior basin, through- 
out Minnesota. | 

Manitou, including the igneous rocks from the Puckwunge conglomerate to the 
top of the igneous series. This upper limit will not appear at the same strati- 
graphic horizon at all points, because of the probably longer duration of igneous 
activity at points further east than at the western extremity of the lake Superior 
basin. This term is taken from the Manitou river which enters lake Superior in 
this county, where are exposed some of the lower traps of this division and some of 
the upper portions of the conglomeratic beds, although not the Puckwunge con- 
glomerate. | 

In Lake county the gabbro, at its widest place, covers twenty-five miles, and at. 
its narrowest twenty-one miles, and its length is forty-two miles. Its superticies is 
hence about 575 square miles within the county. Along its northern border it comes 
abruptly into contact with the White Iron Lake granite and with different parts of 
the Keewatin. Its southern limit is in general the northern limit of the red rock, 
but there are numerous places where these rocks are intricately inter-locked, and in 
some instances isolated areas of the red rock are surrounded by gabbro. Generally 
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such isolated areas- of red rock have been omitted in the mapping seen on the 
accompanying plate. 

Dute of the gabbro. It is not certain, nor indeed is it probable, that the gabbro 
revolution followed immediately after the completion of the fragmental beds of the 
Animikie. The absolute summit of the Animike is an elusive geological datum, 
not yet certainly determined. Some observations recorded in the Pigeon Point 
chapter (xxviii) tend to show that the Animikie was followed by a gentle igneous 
epoch, accompanied by surface lavas and probably by volcanic ash, before the great 
convulsion which introduced the sills and dikes, and this is in agreement with the 
record of the deep well sunk at Short Line Park, near Duluth, and also is indicated 
by the superposition of the Beaver Bay diabase upon some diabases and soft con- 
glomerates-~—that diabase being supposed to be the great surface representative of 
the gabbro epoch. It is hence possible that the Animikie gradually blended with 
~ eruptive debris and shaded off so easily into the Keweenawan that its upper limit 
will not soon be detected. However that may be, there was a great gabbro revolu- 
tion, at a date somewhat later than the Animikie, which resulted in such alteration 
of the Animikie that, its characteristic debris being found in the Puckwunge con- 
vlomerate in the form of red rock pebbles, associated with white quartz and with 
fragments of Animikie slate, it is plain that a profound erosin interval was here in- 
terposed, It is this great gabbro revolution to which belong not only the great 
yabbro mass, Mentioned above, but also its surface equivalents found further south, 
the chief of which is the great diabase mass which forms the summits of the Sawteeth 
mountains, named by Mr. Elftman Beaver Bay diabase. The centre of the gabbro 
mass being in the central part of the county, it superficially suffered a flowage toward 
the south, covering and fusing the Animikie, and reached the present shore line of 
lake Superior, and even continued within the deeper portions of the basin to a 
distance unknown. There seems to have been, at this date, one great uniform move- 
ment of a sheet of basie igneous rock which now extends from Duluth to the north- 
eastern angle of Minnesota. Its thickness, as seen in the northward-facing bluffs 
of the Sawteeth range of hills, reaches several hundred feet. This surface movement 
carried along with it not only the superficial portion of the gabbro as it existed prior 
to the owage, but enveloped and transported portions of the rocks over which it 
moved. In Lake county the Animikie strata were completely fused, and the acid 
rock thus formed united with the general movement, forming lavas which are often 
mixed confusedly with the basic. While this, in general, was the character of the 
translation toward lake Superior, there are many interesting facts of detail and 
many variations which unite to make the problem of the origin, history and relations 
of the gabbro one of fascinating geological interest, the full discussion of which 
will be found in the general chapter on Structural Geology (vol. v). 
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This great flow sheet was cotemporary with an extension of the gabbro into 
the unfused Animikie as dikes and sills, as seen in Cook county, and with the forma- 
tion of diabase dikes in the older rocks along the northern border of the gabbro. 
With the lapse of time, and especially on account of the erosion of the glacial epoch, 
the surface connection between the parent gabbro mass and this great sheet has been 
broken, and the underlying red rock mass now separates them by a wide band that 
crosses the county. This red rock band embraces the sources of the streams of the 
county, whether they flow north or south, and it is therefore the most elevated part 
of the county; the moving gabbro flood must have had its thinnest parts along this 
red rock reef; this, in part, will account for the entire removal of the basic sheet 
over at least a portion of the red rock belt. 
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FIG. 41. ANORTHOSYTE AND ITS RELATION TO THE BEAVEK BAY DLABASE, NEAR BEAVER BAY. 


Peculiarities of the gabbro. Very interesting features of the gabbro, as repre- 
sented by the Beaver Bay diabase sheet, appear at Beaver bay and at Splitrock river. 
The diabase surrounds isolated masses, often fifty or more feet in diameter, but 
usually less, of “feldspar rock,” which present a strong contrast, in outward aspect, 
with the dark colors of the diabase. They are very common at Beaver bay, but 
some of the largest are at Splitrock point. They are also common and larger on 
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some of the diabase hills a mile or two back from the lake. Mr. Elftman’s descrip- 


tion of some of these knobs 1s as follows: 


September 4, 1893. Going north on the county road which follows the section line between secs. 34 and 35 
and secs. 26 and 27, T. 56-8, to the quarter post (probably the west quarter post of section 26), a peak 270 feet 
above the level of the quarter post rises on the way and causes the road to swing to the west. This peak rises 
in almost perpendicular walls 170 feet on the west side, but slopes more gradually towards the south and east. 
It bears about northwest and southeast and is about one-fourth of a mile long and one-eighth wide at the top. 

The rock is the same as the anorthosyte seen at Beaver bay. It rises in snow-white knobs over the surface 
of the hill. The rock is cut by numerous small veins which weather to a pure white color (No. 1 of figure 41), 
Numerous small grooves cross the rock in one direction, having no definite and fixed direction in relation to the 
whole hill. Generally upon each knob the direction is different from that of its neighbor. Upon several knobs 
the grooves are cut by others running perpendicular to them (No, 2 of figure 41). This striation gives the rock 
a bedded appearance, when the striw are parallel. Another form of this is a fan-like striation (No. 3 of figure 
41). In this case the striw appear to branch out from a centre and leave part of the rock unstriated. Rock 
No. 188aK, anorthosyte cut by veins; No. 188bE shows ordinary striation. 

The sketches in figure 41 represent the structures described. No. 4 (of figure 41) shows the manner in 
which diabase (No. 398E) is distributed in the anorthosyte. The diabase appears to form the base of the hill, 
and the wandering dike is an offshoot from the main mass. It is somewhat finer grained at contact with the 
anorthosyte. 

Near the section line (east line of section 27) and toward the northern edge of the hill the rock becomes 
somewhat darker as shown by No. 188cE. The anorthosyte here, although in some places composed entirely of 
feldspar without any accessory constituents, presents in other places the same variation in mineral constituents 
as seen in the gabbro farther north. On the north and west sides of the hill the rock is similar to gabbro and 
is composed of the usual proportions of augite, magnetite and fine-grained feldspar. The minerals have a 
tendency to collect in separate masses, each mineral by itself. This gives a peculiar mottled appearance to the 
rock upon its surface. When fresh the augite and magnetite form green and black spots (No. 188dE). These 
weather to a light yellow mineral (No. 188eK). Whenever these different minerals occur together they seem to 
have this peculiar combination. There are also parts of the rock in which the accessory ingredient is evenly 
distributed as shown by No. 188fE. Again, in some exposures on the southwest side of the hill, masses (not 
boulders) of pure feldspar are enclosed by a medium grained portion of the rock, like some gabbro, composed of 
feldspar, augite and magnetite in the usual proportion and evenly distributed. But the dark mineral is foliated 
and has a schistose appearance. 
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FIG. 2. ANORLTHO YTE KNOBS IN SEC. 27, T. 56-8, NEAR BEAVER BAY. 


Near the centre of the top of the hill are several irregular dikes of black gabbro or diabase (No. 1895), 
which cut the anorthosyte and even enclose angular and rounded pieces of the same rock. Figure 41 shows 
this black gabbro dike. 

Southwest of the above described hill is another elevation 120 feet higher than this. The rise is gradual 
from the town road to the S. E. 14 of S. W. 14 of sec. 27, T. 56-8, where an almost level piece of ground, one- 
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quarter of a mile across, forms the top. On the west side there is a perpendicular wall of black gabbro or dia- 
base 200 feet high. The rock from this locality is represented by No. 199K. The rock, wherever examined, 
does not ditfer from the specimen taken. No trace of anorthosyte was found here. No exposures of rock were 
found on either side of the neck connecting the anorthosyte hill with the black gabbro hill, but it is most prob- 
able that the gabbro found cutting the anorthosyte is a part of the same rock which forms the hill farther south- 
west. This being the case, the anorthosyte rock is not in its original position, but is a mass transported by the 
black gabbro, perhaps separated from a larger mass. 

North of the hill in the S. W. 14 of sec. 27, T. 56-8, and one-quarter of a mile south of the north quarter post 
of the same section is a hill of about the same hight as the anorthosyte hill. It rises abruptly on all sides, and 
on the western side, about 150 feet from the top, it slopes gradually down to the swamp. Around the base the 
rock is the same black gabbro seen cutting the anorthosyte and forming the hill directly south of here (No. 191E). 
Upon the top and near the southern end of the hill is an outcrop of anorthosyte rock. This is a large boulder (?) 
500 feet syuare on the upper surface. The anorthosyte (No. 190E) is composed of nearly pure feldspar for the 
greater part, but small areas, in which feldspar, augite and magnetite are evenly distributed, were also seen. 
This hill is known by the Beaver Bay people as Schaff's hill. [The “black gabbro” here mentioned is the Beaver 
Bay diabase. ] 

A map of section 27 containing these hills is shown by figure 42. 


The shore of Beaver bay, from the red syenyte knob at the south point of the 
bay to the dark diabase at the northeastern, exhibits great variety and often confu- 
sion in the manner in which the red rock and the feldspar masses are associated, 
both being enclosed in the Beaver Bay diabase, but they can perhaps all be attributed 
to one general movement of the Beaver Bay diabase sheet. There are pebbles and 
boulders of the red rock embraced in the diahase, and the same red rock has the 
appearance of strings and veins and dikes cutting the diabase. It is in contact with 
masses of feldspar, crowded between it and the trap. The spots and masses of red 
rock are distributed, in some cases with pieces of the feldspar rock, throughout the 
trap, showing the accession of both ingredients when the trap was molten, and even 
contemporaneously. The feldspar rock varies in composition, becoming an ordinary 
gabbro, and the red rock varies from a quartz porphyry to a granitic syenyte. It was 
fluidized and runs about in belts and veins, not only through the diabase, but also 
through the feldspar rock. 

At other points about Beaver bay, there are apparently two diabases, and it has 
been suggested by Mr. Elftman that one is a sill of later date penetrating the older 
basic sheets. But it is more likely that the finer diabase dikes that appear in the 
great sheet, and which are seen to cut the feldspar masses, are only apophyses from 
the uncooled deeper portions of the same sheet. 

Suppose a great sheet of diabase, derived from the gabbro batholith, be put in 
motion over the strike of the Animikie. Its great body of heat and slow movement 
may be supposed to fuse the Animikie, and to incorporate portions of it. In the 
outward motion, especially wherever the surface of the diabase became solidified, 
the deeper molten portions would penetrate the cracks formed by shrinkage; and, 
when the diabase was not solidified, there must have been a contemporaneous 
fluidity, which would cause occasional intermixtures. If, as believed, the feldspar 
masses are segregations from the gabbro mass,* and, being a little lighter than the 
*Tt will be observed that the gabbro and the diabase are considered exsentially the same rock, derived and consolidated 


under differing conditions from the same magma. All petrographic facts known to the writer, and all structural features ob- 
served, when interpreted in the light of such a hypothesis, are consistent with such common origin of these rocks. 


at 
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gabbro in general, were originally most abundant at the top of the gabbro batholith, 
they would have accompanied the diabasic flow in considerable numbers, and would 
have been subjected to the same incidents of consolidation and fracture, and hence 
to the formation of intersecting dikes of diabase, as the diabase sheet itself. Yet all 
these variations could be considered as incidental to the movement of one immense 
flow of igneous rock. At some points, especially in the area of the parent gabbro, 
near the line of contact with the red rock, the gabbro is frequently cut by the red 
rock, indicating the later date of the red rock, which is in keeping with the sup- 
posed origin of the red rock, and is largely owing to the greater ease with which, 
under aqueo-igneous fusion, siliceous .magmas are transported; but the great flow 
sheet of the Beaver Bay diabase embraces considerable quantities of the red rock, 
and carried them along in a manner somewhat analogous to the transportation of 
the feldspar masses. | 

In townships 62-10 and 11, and 61-10 and 11, is an area of about two townships 
in extent of foliated olivine gabbro, Within this area are numerous knobs of feld- 
spar rock as clear, fresh and coarse ‘as the anon thosyte masses found near the lake 
Superior coast. In many instances the feldspar knobs appear like water-worn 
boulders enclosed in the overlying olivine gabbro. 

On West Greenwood lake, T. 58-10, are extensive outcrops of fresh hypersthene 
gabbro. This is cut in several places by dikes of red rock which forms Greenwood 
mountain, south of the lake. 

A point of importance, in studying the gabbro, as stated by Mr. Elftman, is 
that the gabbro along the centre of the formation has a belt in which are numerous 
knobs and areas a mile in extent composed of plagioclase rock similar to that men- 
tioned above. In going from the northern or southern limits of the gabbro toward 
this belt, it is very noticeable that the ferro-magnesian minerals decrease and the 
feldspar increases in proportion. The rock has a more stratified appearance, arising 
from the arrangement of the constituent minerals in bands. This separation of the 
minerals, when carried to extremes, produces the large aggregations of feldspar.* 

The muscovadyte. This rock occurs frequently at the northern border of the 
gabbro where the gabbro is in contact with the Keewatin. It is typically developed 
when the Keewatin is greenstone, and especially if it be some fragmental green- 
stone having a sedimentary structure. When the greenstone is more siliceous 4 
pyroxenic gneiss is produced, as on the long point in Gabimichigama lake. There 
is no doubt that wherever this rock appears it is the result of contact of the gabbro 
on the Keewatin, and is apparently a step in the conversion of the greenstone into 
gabbro. If at the same place the greenstone embraced jaspilyte, it is altered toa 


*A.H. ELFTMAN. Twenly-second Annual Report, pp. 169, 170. 
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quartzose and olivinitic ore, and such deposits have already been noted under the 
heading Muscovadyte and its iron ores. There have been made numerous observa- 
tions that demonstrate that frequently the gabbro with a coarse crystalline texture 
has covered angular pieces of the muscovadyte, and in those places that the gabbro 
in such form is of later date than the muscovadyte. | : 
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FIG. 4. GABBRO ON “ MUSCOVADO” FRAGMENTS. 
Island near the centre N. W. 14 sec. 6, T. 64-5. Gabimichigama lake. 


Still, there are numerous observations which indicate a close genetic relation- 
ship between the muscovadyte and the gabbro itself, and in these conditions it has 
been considered a phase of the gabbro. Structurally and petrographically it is in 
many places inseparable from the gabbro. There are considerable areas lying some- 
times several miles south from the main northern border of the gabbro which are 
occupied entirely by muscovadyte, and in some of these instances the two rocks 
are closely intermixed and blended, and seem to be of cotemporary date. This 
intermixture is perhaps still more frequent along the northern limit of the gabbro 
where the muscovadyte is plainly derived from the Keewatin. It is this alliance 
with the igneous gabbro on one hand and with the greenstones of the Keewatin on 
the other that suggests the idea that the muscovadyte is a connecting stage in the 
formation of the gabbro from the Keewatin by a process of metamorphism and 
fusion, 7. e., by a force identical with that which metamorphosed and fused the other 
(acid) Archean rocks, producing granite, syenyte, dioryte, etc., as already indicated. 

Note. On visiting again, October 6, 1898, the Cheadle iron locality, south side of 
Disappointment lake, the following facts were carefully noted: 

1. The ore is in bedding that dips about 80° toward the south. 

2. The dip of the formation in which if occurs is the same. 

3. The formation is that seen at the lake shore and westward further, passing 
into the bouldery greenstone seen at the southwest end of Snowbank lake. 

4. The ore, therefore, is in a bouldery greenstone which, in this area, is placed 
in the Lower Keewatin. | | 

do. The ore is in several bands, one of them being further south than the real 
gabbro border. | 
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6. Where it occurs in this most southern band it is a coarse conglomerate, 
evidently also a phase of the greenstone formation. 

7. The quartzose ore bands alternate with gabbroid bands contaiming coarsely 
crystalline hypersthene (?). 

8. In small amounts there isa similar ore in the gabbro. 

9. The ore hence probably resulted from an alteration of jaspilyte in the 
Keewatin. | 

10. The pebbly and bouldery muscovadyte is conspicuous as muscovadyte, in 
most places from the lake shore to the iron ore. | 

1]. It gradually loses its fine grain going south. 

12. As it acquires a coarser grain the bouldery forms become less and less dis- 
tinct. | 

13. The gabbro contains boulders, generally much like the muscovadyte, even 
when the rock has become coarsely gabbroid, and these are in some cases as large as 
six or eight inches. 

14. In some cases such houlders are not of muscovadyte but are quite siliceous, 
as if originally granitoid. | 

15. The bouldery iron ore further south is permeated and enclosed by coarsely 
crystalline gabbro, but in general forms, apparently, a belt about ten feet thick that 
runs as if in place. . 

16. The gabbro in places forms abrupt contacts on the muscovadyte. 

17. As tothe pebbles, whether in the muscovadyte or in the gabbro, they are 
much altered, tending to become muscovadyte in both rocks at least in the muscov- 
adyte they are less altered than in the gabbro. As a fact, they are not very com- 
mon, as conspicuous foreign masses, in the gabbro, but seem to be lost in the gab- 
bro. Yet sometimes, over a weathered surface of gabbro, may be seen roundish 
areas, either coarser or finer grained than the average, and these are probably due 
to differing pebbles whose composition responded with varying readiness to the 
transforming force which, in general, resulted in the gabbro mass. 

It may be added, that there is some doubt as to the separateness of this con- 
glomerate from that which is cut extensively by the Snowbank Lake granite, and 
which is considered as Upper Keewatin. 


There have been made a multitude of detailed observations on the field appearances of the gabbro in Lake 
county, the most of those by Mr. Elftman never having been published. He has summarized the results in a 


paper in the American Geologist (vol. xxii, pp. 132-149), but the rock numbers and all special descriptions are 
designed to be included in the twenty-fourth report of the survey. 


The red rock, as Yt appears in the west bluff of Beaver bay, is represented by 
rocks Nos. 124 and 625. It appears like a red granite, but consists of a confused 


compound of quartz and feldspar, the greater part of the latter being orthoclase, and 
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Fic. 1. LENTICULAR INCLUSION OF QUARTZ PORPHYRY IN GABBRO, SOUTH SIDE OF THE NORTHEAST 


POINT OF BEAVER Bay. (pp. 305, 309.) 


Fic. 2. NATURAL ARCHWAY AT THE POINT OF THE GREAT PALISADES. 
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reddened by ferric oxide. The quartz and orthoclase are united sometimes in a 
micro-pegmatitic or micro-poikilitic manner, but in general they have confused and 
ill-defined relations. <A reddened felsitic matter permeates and clouds much of the 
quartz and all of the feldspar. With a trace of a ferro-magnesian mineral, now in 
the form ef chlorite, and an occasional grain of some iron ore, pyrite or magnetite, 
this rock differs from the finer apobsidians of the red rock series only in having 
reached a more advanced stage of crystallization before consolidation. The more 
rhyolitic forms are more common, and constitute the pebbles of the lake beach so 
abundantly that sometimes for several miles the beach presents a pinkish red color. 
Such rock is also more abundant inland. 

At West Greenwood lake are numerous dikes of the red rock cutting the gabbro, 
and the red rock forms extensive outcrops south of the lake. Greenwood mountain 
is a mass of fiery red red-rock of rather tine grain, not rhyolitic, the quartz in isolated 
masses, but having a common orientation over large areas. In some places a plain | 
rhyolitic structure prevails, and when the color varies with the bands the rock pre- 
sents a handsome appearance. Such aspect occurs near the Beaver Bay trail in 
S. E. 4 sec. 33, T. 58-10, on the south side of the broad ridge. Here the rock varies 
to almost black, and probably is affected by assimilation of diabasic elements from 
the gabbro. Such assimilation goes so far sometimes that the rock is a mixture of 
the acid and the basic minerals. But whatever the variations in color or in crystal- 
line condition, the red rock as a body is distinct from the diabases and can be traced 
almost continuously across its entire width, and, with interruptions, to the red rock 
at Beaver bay. It is sometimes cut by diabase dikes, but it is difficult or impossible 
to determine their relative ages, although believed to be, as a mass, in its original 
genesis of later date than the great sheet of Beaver Bay diabase, though partially 
enclosed in it and permeating it at a later period (plate DD, figure 1). 

Relations of the red rock and gabbro, Dr. Grant made an examination of the 
country from lake Polly, which is in T. 638-6 W., into the next town south. Gabbro 
was seen along the river and lake in many places, in N. W. { sec. 34, T. 63-6 W. It 
is quite coarse grained, and is cut by branching vein-like dikes of red granite. These 
are from half an inch to ten feet across and run in every direction, not noticeably 
finer-grained at the surfaces contacting on the gabbro than at the centres (No. 755). 
It consists of a fine-grained, pinkish biotite granite, the biotite being in comparatively 
small amount. A short distance further east these dikes become very numerous, 
composing about one-third of the vabbro, where it outcrops. Still further east, in 
secs, 34 and 35, T. 63-6 W., granite dikes are not so numerous. 

The shores of a small lake about* in sec. 2, T. 62-6 W., show outcrops of coarse- 
grained gabbro sometimes cut by small granite dikes. 


——__ 


* Locations cannot be given exact, since this township has not been subdivided by the U. 8. government. 


306 THE GEOLOGY OF MINNESOTA. 
. (Relations of the red rock and gabbro. 


At Syenyte lake, which is about a mile and a quarter southeastward from the 
last mentioned lake, gabbro occurs associated with a fine-grained dioryte at a short 
distance north of the lake. The gabbro is very coarse-grained and 1s composed 
largely of feldspar. The dioryte is much finer (No. 756(), dark gray and contains | 
quartz and is sharply separated from the gabbro by distinct contact lines. Dikes of 
dioryte were not seen in the gabbro, but angular fragments of the gabbro of various 
sizes and shapes occur in the ‘dioryte. Red granite dikes up to twenty feet in 
width cut both gabbro and dioryte with sharply marked dike walls. The dioryte in 
thin section shows a granitic aggregate of plagiqclase, hornblende, quartz, magnetite 
and pyroxene, the last in small scattered grains which usually have rounded 
outlines. , 

The shores of Syenyte lake, so far as examined, are divided between red granite 
and gabbro, the latter represented by No. 757G. This rock is even coarser-grained 
than usual. The granite is a hornblende granite of fine but rather uniform grain, 
varying in color from almost white to brick red (Nos. 758C to 7638G),. 

From these observations, thus abbreviated from the Twenty-fourth Report 
Dr. Grant concluded that the evidence is conclusive that the granite is later 
than the gabbro. The main granite mass can in some cases be continuously 
traced into some of the apophyses that penetrate the gabbro, and these continue as 
dikes of greater or less frequency for a distance of several miles into the gabbro 
area, sometimes five miles from the general limit of the gabbro. The dikes are not 
finer grained, as a whole, nor near contact with the gabbro, than the rock of the 
main mass, this indicating the heated condition as well as the deep-seated position 
of the gabbro at the time of the intrusion of the dikes. Still, the sharp edges of the 
dikes, and the rare mingling of the elements of the two rocks, indicate that the 
granite, while perhaps not much younger than the gabbro, was of later date than 
the solidification of that rock. In other areas there are facts which seem to indi- 
cate that the two rocks were molten at about the same time. 

At Baptism river and at the “Great Palisades” the red rock makes characteristic 
outcrops (Nos. 139, 140, 154). At the former locality a sharp, sloping, rocky point 
projects into the lake with a perpendicular face toward the south, the red rock lying 
on a series of trap rocks consisting of amygdaloidal basic surface flows. Up Bap- 
tism river is a conglomerate of pebbles largely from this rock (No. 149). The Great 
Palisades have a total altitude of 315 feet, the highest perpendicular wall rising out 
of the lake is 210 feet. At the water level the red rock comes into superposition 
on a diabase and exhibits a varied lithology (No. 140). It is by the easier erosion 
of this part that the face of the Palisade bluff gradually recedes inland. As they 
become unsupported, column after column of the bluff slides down perpendicularly 
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and generally breaks into large blocks which remain and make a breakwater pro- 
tecting the lower beds from the force of the waves and ice; but sometimes they 
remain standing partially erect and unbroken, after sliding down, leaning against 
the bluff. One could be seen standing in 1878, when this examination was made, 
about twenty-five feet long. 

The immediate coast line, with geological designations, is represented on plate FF. 

The Manitou series. This name is intended to cover that part of the eruptive 
Keweenawan which followed the great gabbro revolution. The fragmental base is 
a pebbly conglomerate which embraces debris from the altered Animikie, as well as 
Animikie slates unaltered, red rock, quartz and quartzyte. This rock, which is named 
Puckiwunge conglomerate from the stream on whose southern bluffs it appears con- 
spicuously in Cook county, is supposed to be represented in Lake county by a red- 
rock pebbly conglomerate seen in outcrop a short distance up the Baptism river, at 
one-half mile below the first falls. Some of the pebbles are six inches across 
(No. 149). Still, this conglomerate is sometimes finer, and even shaly, indicating a 
supply of red eruptive material, not entirely in keeping with the nature of the basal 
conglomerate at other points. These shaly outcrops appear, therefore, to be in some 
of the upper horizons of the conglomerate, which is known to be accompanied at 
other places, as at Grand Portage island, by cotemporary lavas. Such lavas gave 
rise to a loose and red conglomerate, often mingled with laumontitic zeolites, as 
seen at the mouth of Manitou river. The Baptism river conglomerate is also in out- 
crop at the coast at three-fourths of a mile east of Baptism river, where it rises 
thirty feet, and is hardened and altered much by a diabase dike twenty feet wide 
(No. 155A). The Manitou series accompanied and followed the Puckwunge con- 
glomerate. _ 

The diabases which succeeded the Puckwunge conglomerate, alternate with 
amygdaloidal partings, and sometimes with sandstones. The total thickness of these 
diabases cannot be given, but they probably reached several hundred feet. They 
are well seen with associated fragmentals at Little Marais, and for a mile westward, 
at Gooseberry river and along the coast to the western limit of the county. These 
sandstones, even when conglomeratic, differ from the basal conglomerate so pro- 
foundly that they need not be confounded with it. 

There are also many diabase dikes which penetrate even the latest surface lavas 
known in Lake county, and according to Mr. Elftman a large spur of the same enters 
the county from Cook county, crossing Ts. 60-6 W. and 60-7 W. 

There are seven layers of trap alternating with loose, sometimes brecciated, 
amygdaloidal layers, visible in rounding the point from Agate bay to Burlington 
bay, and five in entering Agate bay from the west. The dip is generally toward the 
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lake. Along the point east of Burlington bay a similar succession of trap and amyg- 
daloid layers from six to twenty feet thick are seen, dipping in the same direction 
toward the lake; but near the extremity of the point is a remarkable instance of a 
heavy trap layer supported for a long distance on buttresses of ainygdaloid standing 
between deep and dark purgatories. The trap bed is about ten feet thick, and the 
whole rises twenty-five or thirty feet gradually from the lake level, the amygdaloid 
being about fifteen feet thick and resting on another trap bed which, further on, 
either east or west, also rises from the lake with a similar dip, but without forming 
a long bridge. This bridge is destitute of trees, and at a distance somewhat simu- 
lates a large and heavy railroad bridge. There are thirteen caverns, separated by 
natural buttresses. The reader may compare the general plate showing the lake 
Superior shore (plate FF). 

The luke shore in Lake county, The tirst work done in the study of Lake county 
was along the shore of lake Superior in 1878.* Numerous rock samples were col- 
lected, most of them now thin-sectioned and reported more in detail in their petro- 
graphic characters in vol. v of this report. At the sume time sketches and a few 
photographs were made, and some of these are used to illustrate this and other 


chapters. 


ake Level aS 
: PoINT EAST OF BURLINGTON BAY. 


FIG. 44. 

The eastern shore of Burlington bay and the point are constructed, like the 
shores of Agate hay, of alternating layers of soft and hard rock, the whole more or 
less igneous or vesicular. Near the extremity of the point is a remarkable instance 
of a heavy trap bed supported on buttresses (tigure 44) of softer amygdaloid which 
separate deep and dark purgatories to the number of thirteen. The trap bed, which 
lies like the superstructure of a bridge on piers, is about ten feet thick, and the 
whole rises twenty-five or thirty feet toward the west, but descends gradually to the 
lake level toward the east. 

Some illustrations have been given of the manner of distribution of the feldspar 
masses in the diabase at Beaver bay, and some descriptions by Dr. Elftman. 

Along the shore of Beaver bay are unsurpassed facilities for studying the rela- 
tions of these two rocks. Dr. Lawson has given some photographs of the same 10 
Bulletin X,and some of his views are also reproduced in plate CC. Some field sketches 
by the writer are seen in figures 44, 45and 46. The first repeats the fact, represented 


* Detailed ficld descriptions are published in the Ninth and Tenth Annual Reports of the survey. 
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by Dr. Elftman, that the feldspar masses are intimately associated with the diabase 
in sucha manner that their shapes are materially modified by the diabase, sometimes 
penetrating them in apophyses and in isolated areas. The second shows a basaltic 
trap mass which evidently transported a large feldspar block. In cooling, the trap 
did not acquire a columnar structure, vertical against the feldspar mass, as it prob- 


{= Feldspar masses. 


2= Trap 53Q. 


Gravelly beach 


FIG. 45. POINT OF ROCK IN BEAVER BAY. 
North of the mouth of the creek. 


ably would had the feldspar mass been a cold and earlier rock, but its columns are 
vertical against the lower rock surface, shown in figure 47. The feldspar, therefore, 
seems to have been as hot as the trap itself, though not so mobile. It will be 
noticed, also, that the same trap carries a piece of red granite, seen near the water- 


level. Such red rock, more freyuently in the form of quartz-porphyry or aporhy- 
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FIG. 4. FELDSPAR BLUFF. 
First cast of Two Harbor bay, looking east. 


olyte, is quite abundant in a few localities in the trap of Beaver bay. A lenticular 
mass in this trap is shown by plate DD, figure 1. 
Figure 47 represents a more general succession of parts at Two Harbor bay.* 


* This isa small bay a short distance west of Beaver bay. and should not be confounded with the ore-skipping port of Two 
Harbors. The latter bay, in this report, is known by its old name, Agate bay. 
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This sketch shows a westward continuation of the basaltic sheet seen in figure 46, 


but the feldspar mass is not the same. 


= 


FIG. 47. ALTERNATION. 
At the first high point cast of Two Harbor bay. 


The sandstones that succeeded the basal (Puckwunge) conglomerate alternate 
with the upper part of the Manitou traps, and vradually prevail over the traps. 
They finally are entirely free from trap sheets. It is likely that vegetation and other 


FIG. 48. MARKS OF VEGETATION SEEN ON A SOMEWHAT SANDY SLAB OF RED SHALY 
AMYGDALOID ON THE BEACH AT FLOOD BAY, OCTOBER 19, 1881. 


organic forms slowly occupied the shallow waters. This is indicated by the faint 
vegetable traces seen on a sandstone slab and sketched in figure 48. Flood bay 1s 


near the mouth of Stuart's river. 
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wunge conglomerate seems to graduate appear abundantly along the coa 
ward from Little Marais, where they alternate with layers of common diabasic trap 
(Nos. 680-635), as shown by the sketch, figure 49. 
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The same trap-sheet seen in figures 46 and 47 continues further eastward, and 
its relations are seen again in figure 50, where it is seen to lie on a breccia similar 
to that seen in figure 47, and to pass below a large mass of red granite. 
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FIG. 50. FIRST AND SECOND HIGH POINTS EAST OF TWO HARBOR BAY. 


A general view of the outline of the Great Palisades is shown by figure 51. 
This rock is in general a reddish aporhyolyte, varying to.apobsidian and to quartz 
porphyry, having a confused vertical columnar structure. It is represented by rocks 
Nos. 138, 139 and 140, and appears at several other points on the coast further west 
and at the mouth of Baptism river. The altitude of the perpendicular bluff near 


FIG. 51. THE GREAT PALISADES. 
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FIG. 52. STRUCTURAL RELATIONS AT THE EAST AND WEST ENDS OF THE GREAT PALISADES. 


the mouth of Palisade creek is 125 feet: of the palisades near the north line of sec- 
tion 28, back of the bluff, 145 feet, separated from the main palisades by a slight 
depression. The highest point of the palisades is 315 feet; highest perpendicular 
over the lake, 210 feet. This is an isolated mass, which breaks away immediately 
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back from the lake shore, the lower country being occupied by the prevailing green 
trap of the region. 

The Creat Palisades condense the moisture that rises ‘from the lake in a 
southerly wind, and a m ist is much of the time about.their summit. The bare rock 
all over the top is covered by a thick cushion of moss, which is supported by this 
moisture. 

That the palisade rock is one of the series of surface flows of lava during the 
Keweenawan is shown by the nature of the rock as well as by the relations it bears 
to the trap at the east and at the west, where it is seen to overlie some of the 
trap sheets. 

In figure 53 it is represented as penetrated by dikes and curved sheets of trap 


which has a basaltic structure perpendicular to the surfaces of the palisade rock. 
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FIG. 53. PALISADE ROCK. 
About one and one-half miles west of the Great Palisades. 


Figure 54 shows the manner in which Gooseberry river 1s choked by beaches; 
and the profile of the Keweenawan trap-sheets, through which it has maintained 


a channel. The rock (No. 518) embraces a great many agates. 


4.0 tods ede 
FIG. Ht. MOUTH OF GOOSEBERRY RIVER. 


Rock samples collected in Lake county. By referring the following rock numbers to the petrographic 
descriptions in another part of this work, much detail of the characters of all the rocks of the county will 
be found: 

Nos. 92-162; 322-356; 517 534; 628 640; 738-766; (767 and 768 are also probably from Lake county): 
810-819; 948-951; 954; 979-1000; 1017-1070; 1073-1087; 1093-1127; 1361-1879; 1385-1446; 1709; 1715-1771; 
203015; 2145-2274. 

Nos. 93W-106W; 126W-.135W; 138W-151W; 174W 281W; 294W-382W; 524W-569W; 887 W-987W. 

Nos. 30H-74H; 407H-417H; 420H-432H; 458aH: 461H-542H. 

Nos. 1G-5G: O8G-1G; L8G: 120-1690; 245G-277G; 2094. 6G; 690G-700G; TLIG; 727G-8%5 
810G-845aG; 850G: 853C-84aG; LO68G; 1069C). | 


_ Nos. 27H-138E; HMGK-150K; 152K 186K; 188K 28bE; 260K 263K: 266E 2908; 351E-425E; S72E-657F: 
7E-767E. 
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CHAPTER XII. 


THE GEOLOGY OF COOK COUNTY.* 


By U. S. GRANT. 


Situation and area. Cook county ( plate 69) is the extreme eastern and north- 
eastern county in Minnesota. It has approximately the form of an isosceles triangle 
whose base is its western border. The county is bounded on the north and east by 
Ontario, on the south and east by lake Superior, and on the west by Lake county. 
The extreme length, east and west, of Cook county 1s about seventy-two miles, and 
its extreme breadth about fifty-four miles, while the total area is 1,680.4 square 
miles, of which 1,406.84 are land and 273.56 water.t 


SURFACE FEATURES, 


Natural drainage. Cook county lies in two great continental drainage basins, 
that of Hudson bay, and that of the gulf of St. Lawrence. The area which belongs 
to the first basin is contined to the northwestern part of the county and comprises 
not more than one-eighth of the total area of the county. On the international 
boundary the divide between the two great drainage basins is between South and 
North lakes, the latter of which lies in the Hudson Bay basin. From this point the 


*The material for this chapter has been collected largely from the following sources: N.H. WINCHELL, field work of 1878, 
Seventh Annual Report, pp. 25, and Ninth Annual Report, pp. 42-5; field work of 1879, Tenth Annual Report, pp. 42-48, 
56-61, 64-90, 98-106: field work of 1&s6, Fifteenth Annual Report, pp. $72, 378-381: field work of 1887, Sirteenth Annual Report, 
Pp. 60-95, 98; field work of 1802, not published: field work of 1M, not published; field work of 1896, published in part in ‘Amer. 
Geol., vol. 20, pp. 50, 51, July, 1807, and in Tiventy-fourth Annual Report, pp. 48-%. A. WINCH ELT, field work of 1g Fifteentn 
Annual Report, pp. 171-172: field work of Iss7, Sirteenth Annual Report, pp. 201-314, 352-363. H. V. WINncHELL, field work of 
1888, Seventeenth Annual Report, pp. Ww4-lU. U.S. Grant, field work of TRS8, Seventeenth Annual Keport, pp. 151-161, 
168-186; field work of 1801, Tieentieth Annual Report, pp. 83-95; field work of 1892 and 1893, Dwenty-fourth Annual Report, 
A. C. Lawson, field work of I89L, Tienticth Annual Report, pp. 181-280, and Bulletin & pp. 1-8. C. P. BERKEY, field work of 
18838, T'wenty-second Annual Report, pp. 4-140; A. H. ELetM an, tield work of 1805-1807, published in part in Amer. Geol, 
vol. xxi, pp. 90-109, 175-188: vol. xxii, pp. 131-149. : 

The examination of this county has been confined largely to the vicinity of the lake Superior shore and the interna- 
tional boundary, along the latter of which the examination has usually been carricd as far south as the south side of township 65. 
In addition to the above may be mentioned the following routes of preliminary reconnoissances in the interior of the county: 
(1) From Gabimichigama lake. at the south west corner of T. 65-5 W., south-southeastwardly through Little Saganaga, Mesabi, Duck, 
Wind and Sawbill lakes to the Poplar river and along this stream to its mouth, in sec. 34, T. 6-3 W. (2) From Gunflint lake 
south through the lakes in T. 64-2 W. to Brulé lake, and then northward through the eastern parts of Ts. 4 W. and 64-4 W. 
(3) From Grand Marajs through Devil Track, Abita, Little Trout, Misquah, Cross and Poplar lakes to Gunflint lake. (4) Along 
the Grand Marais and Rove Lake road. (5) Through the lakes in the northern part of T. 64-2 E. and southeast by McFarland’s 
trail to lake Superior at Horseshoe bay. (6) From Grand Portage village westward to the lakes near the northwestern corner of 
T. 63-5 E. (7) Along the Grand Portaye trail. . ; ; 

This chapter can in no sense be considered a detailed and final account of the gevlogy of this county, for the information at 
hand will not warrant such an account, and, moreover, the time allowed for the preparation of this chapter will not permit ofa 
full presentation of the details at hand. Considerable detailed information is given in the chapters: aevoted to the special plates 
of the Mesahi iron range in this county, and these chapters should be eonsulted for special descriptions of the areca comprised in 
these plates, which are, beginning at the west, the Akeley Lake, Gunftlint Lake, Rove Lake, Mountain Lake and Pigeon Point plates. 
The description of these is com prised in chapters xxiv to xxviii. The author's detailed acquaintance with this county is largely 
confined to its northwestern quarter, but he has visited other parts of the county. 


+ Fin. Report, vol. i, p. 114. 
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divide passes southward a short distance east of the centre of T. 65-2 W., then west- 
ward and southwestward to near the southwest corner of T. 64-3 W., then it con- 
tinues southwestward to near the centre of T. 63-4 W. and westward through T. 
63 W. The drainage of the Hudson Bay basin follows two lines in this county, 
both of which unite in Saganaga lake. The first carries the waters of North, Gun- 
flint and adjacent lakes, and the waters brought from the south by Cross river, and 
forms the international boundary from Gunflint to Saganaga lake. Along this 
stream, which, like many others in this part of the state, is a series of lakes con- 
nected by short stretches of rapid water, are a number of rapids and waterfalls. One 
of these falls, over granite, is at the entrance of this stream into Saganaga lake and 
is shown in figure 2 of plate PP in the chapter on the Pigeon Point plate. The second 
line of drainage includes Little Saganaga and Gabimichigama lakes, whose waters 
pass westward into Ogishke Muncie lake in Lake county, and then eastward into 
Cook county through Frog rock, West Sea Gull and Sea Ctull lakes to Saganaga lake. 

The streams of the gulf of St. Lawrence drainage all empty into lake Superior. 
With the exception of the Pigeon river and parts of the Brulé and Devil Track rivers, 
these streams pursue a course a little east of south, while the three rivers mentioned 
have a more easterly course. The lower parts ‘of the streams flowing into lake. 
Superior are very rapid and contain many waterfalls. The finest of these is the 
Pigeon River falls, which is illustrated in the chapter on the Pigeon Point plate. The 
lower part of the upper falls of Cascade river is shown in plate HH, figure 3. 

Lakes. Wakes are abundant, especially in the northern half of the county. 
Along the international boundary, in the area underlain by Animikie strata, the 
lakes. have a marked east and west elongation, coinciding with the strike of the 
rocks, and to the south in the Keweenawan area a number of the lakes also show | 
elongation in this same direction. Such are Tucker, Winchell, Brulé and Devil 
Track lakes. Brulé lake (T. 63-3 W.) is of interest from the fact that it has two 
outlets, one from its east and one from its west end.* These two outlets are of 
approximately equal volume, and both flow over rock beds. The eastern stream 1s 
the Brulé river, which, after an east-southeasterly course of some forty miles, enters 
lake Superior in T. 62-3 E. The western stream finds its way into the Temperance 
river, whose mouth is forty-three miles southwest of that of the former stream. The 
water which flows through the second outlet travels some thirty miles before 
reaching lake Superior. 

Topography. The surface of Cook county is in general rough and hilly, but 
not mountainous. The hill ranges have a general northeasterly direction in the 
southern part of the county, conforming to the lake Superior shore, while farther 


*C. P. BERKEY, 7Jwenty-second Annual Report, pp. 137, 138. 
U. 8. GRANT, Aimer. Geol., vol. xix, po. 407-111. 
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north they run more easterly. Crossing the county from 
west to east are certain. belts which are more or less 
sharply separated from each other because of differences 
of topography. From the lake Superior shore the land rises 
abruptly, and within one to four miles from the shore hill 
tops are reached which rise several hundred feet above the 
lake. This marked escarpment is characteristic of the north 
shore of lake Superior in Minnesota, and the steep slope 
continues beneath the lake level. Among these hills near 
the lake are two prominent peaks, mount Josephine and 
Carlton peak. The former hes at the base of the point 
which separates Grand Portage and Waswangoning bays and 
rises 703 feet above lake Superior or 1,305 feet above sea level. 
Carlton peak (see figure 2 of plate HH) is in sec. 20., T. 
09-4 W., and its summit is 927 feet above the lake or 1,529 
feet above the sea. The Sawteeth mountains are a prom- 
inent feature of the high lands just back from the lake shore; 
they exhibit markedly serrate tops, as shown 1n the sketch 
herewith. 

Connected with the lake Superior shore are numerous 
features of interest. Many of these have been described by 
Dr. A. C. Lawson,* and from his descriptions much of the 


following is taken. 


There is a very evident relationship between the general topography of the 
north side of lake Superior and the geologival conditions which obtain in different 
portions of its extent. In Cook county there are two great geological provinces 
fronting on the lake: these are the Keweenawan and the Animikie. Corre- 
sponding to each of these great geological provinces there is a distinct type of 
topography. And in addition there are three important facts which have con- 
trolled the development of the topography of the Minnesota shore of lake 
Superior. These are: (1) The drainage basin of the lake is a comparatively 
narrow strip of land. The streams here entering the lake, although rapid, and 
though actively deepening their trenches, are insignificant in size and bring but 
a small amount of material to the shore, (2) The rapid deepening of the water 
off the coast. (3) The exposure of the shore to the open expanse of the lake 
without the protection of any material breakwaters. : : 

Sea clitfs exist in many places along the lake shore, where it is formed of 
Keweenawan rocks. These cliffs are seemingly the direct product of shore 
action and appear to be in active recession. But in cases it would seem that 
these cliffs are not true sca cliffs, but were developed independent of the lake. 
In some of the cliffs caves and clefts have been formed by the action of the 
waves, as well as overhanging cliffs and arched passages. One of the latter is 
shown in plate HH, figure 1. Here an island, which is composed of part of a 
nearly horizontal trap-sheet, has had its centre undermined and cut through. 

At Good Harbor bay some soft sedimentary shales protected on the lake- 
ward side by a ridge of hard, igneous rock have atforded conditions favorable for 
shore erosion, and the bay is the result. The cliffs at the back of the bay, being 


*Twenticth Annual Report, pp. 181-289, 
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of this soft shale in nearly horizontal attitudes, are actively receding, and a shingle beach has been piled 
up along the base of the material which has not yet been reduced to clay and carried out to deep water. The 
beech is not large, and in violent storms is doubtless entirely moved. A few miles farther on Grand Marais 
harbor presents a tine pebble and shingle beach which extends in the form of a broad based spit connecting 
the island on which the lighthouse stands with the main shore (see plate HH, figure 4). The material of this 
beach is again the same red quartz porphyry which has been so often referred to as a source of supply of 
shore drift. The cliff from which it is in this case derived is a little to the east of Grand Marais. 

Fish-hook point, the mouth of Brulé river and Deronda bay are other places where notable beaches occur, 
and in all these cases they are found in the immediate vicinity of cliffs of red quartz porphyry and the embank- 
ments are nearly altogether composed of this material. 

These beaches thus briefly alluded to are the only very prominent ones that attract attention in coasting 
along the shore in Cook county from the west to Grand Portage. The longest of them is probably not more 
than one-eighth of a mile in length; and if it is borne in mind that these are distributed over a shore of some 
eighty miles, their mere enumeration is sufficient to indicate the meagerness of beaches along its extent. It is 
not intended by this explicit allusion to these beaches to imply that there are not others. There are many small 
coves along the shore, so small that they afford no shelter for a row-boat, and also short stretches of open shore 
between jutting points, where loca! detritus has accumulated and has been thrown up into beach form. The 
proportion of these, however, to the total length of coast is very small. There are also stretches of shore which 
are essentially bare shelving rock, but which in patches are encumbered with boulders. In general the im- 
pression received by inspection of the Keweenian shore from a row-boat is that of a wonderful dearth of shore 
drift and a great extent of bare rock, and one is constantly struck by the association of the more important 
beach accumulations with the occurrence of a red quartz porphyry, and an allied and quite similar rock in 
which quartz cannot be detected macroscopically. This association depends upon the property which this rock 
has of yielding pebbles by reason of its shattered jointage structure, the resulting fragments being hard 
and resistant, 

In passing from the Keweenian to the Animikie province along the shore of the lake one is impressed by 
the great contrast which is presented in the relative abundance of beaches. Along the Animikie shore, beaches 
are the rule except where the great dikes occupy the water’s edge. The reason for the difference lies in the 
diverse petrographical characters of the two formations. In the Keweenian the only rock capable of yielding 
shore drift in abundance, the red porphyry, is of limited occurrence, and it is prevented from yielding large 
quantities by its association with harder rocks which keep the line of the shore from receding. In the Animikie 
province it is far otherwise. The Animikie slates and slaty sandstones and quartzytes occur along the entire 

- Animikie coast and have yielded an overwhelming amount of material eminently suitable for the formation of 
shingle beaches. 

On the shingle beaches storms frequently build terraces or storm beaches a few feet above the present lake 
level. Plate ITI, figure 1, shows one of these shingle beaches, at the rear of which are two storm beaches. And 
figure 2 of the same plate shows other storm beaches and a bar of shingle thrown across the mouth of a stream, 
whose waters enter the lake by seeping through the shingle. 

Pot-holes are not commonly developed on lake shores. They are usually the products of stream action. 
On one part of the Minnesota shore, however, they are distinctly the product of wave action, and may be 
observed in process of formation. The place where they were observed is on the shore about two miles east of 
the mouth of the Temperance river. Here the shore is occupied by an amygdaloida] Java of uneven texture, 
which forms a shelving, lakeward sloping platform. In this platform are numerous pot-holes, the deepest 
having a depth of about four feet and a diameter at the mouth of about three feet. In the bottom of the pot, 
unless it is very shallow or has been breached, there are always one or more hard erratic boulders which do the 
work of grinding out the hole when set in motion by the waves pouring over the surface of the platform. The 
holes are not as symmetrical as those formed by stream action, but there is no essential difference between them 
and the latter. It is to be noted that the rocks which are here susceptible of having pot-holes developed in 
them by wave action also afford in the canon of the Temperance river the finest, though not the largest, pot-holes 
to be seen in any of the streams of this coast. The canon of the river is formed by a systematic series of deep 
pot-holes which have breached into one another, giving the walls of the canon a concavely scalloped form. 

* In the form of the shore line the two geological provinces (the Keweenawan and the Animikie) differ 
markedly. The shore line in the Keweenawan province is, on the whole, a remarkably simple line. It has the 
form of aslack bow concave to the lake. Projecting headlands and deep bays are entirely absent. Such salients 
and re-entrants as are worthy of note are obtuse in form and do not appreciably add to the length of the shore 
line. Yet, in minute detail, the line is frequently sharply jagged and serrate, and there is a marked absence of 
those sweeping sinuous curves which characterize mature shores. Shore erosion is active in the production of 
coves, and the whole tendency of development appears to be, in this adolescent stage of the shore, the reverse of 
simplification. The present stage of the lake found the shore without indentations, and a vigorous beginning 
has been made in the work of evolving them and in effecting a more intricate form of shore contour. But it is 
scarcely more than a beginning. The notches, clefts and coves of the shore can only be rendered appreciable on 
a very large scale map, and do not affect the general statement of the simplicity of the shore line considered a8 
a whole. 

The general trend of the shore along the front of the Animikie province is not a simple line. Deep, narrow 
bays, and prominent, sharp headlands prevail, and the length of shore line is large in proportion to the extent of 
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the coast. The sculpture which gave rise to these bays and points is pre-lacustrine, and the tendency of the shore 
action is, in contrast to that noted on the shore of the Keweenawan province, towards simplification. The tendency 
in this direction is, however, not strongly marked on account of the resistant character of the extremities of the 
promontories, which have not yet been appreciably truncated at the line of the present stage of the lake. The 
tendency is chiefly manifest in the filling up of the heads of the bays. While the shore contour of the Animikie 
province is in strong contrast to that of the Keweenawan by reason of these large salients and re-entrants, there 
is also a radical difference in the minute detail of the shore contour in the intervals between the points and 
along those portions of the shore which are exempt from bays. There is very little of the sharp, local notching 
and clefting of the shore line where the shore is rocky, and none of it where the shore is occupied by shingle. 
Thus the shore contour of the Animikie province is intricate in its general features, but simple in its minute 
detail, while that of the Keweenawan is simple in its general features and serrate in its minute detail. The 
conditions governing the local trend of the bays and points along the Animikie front is easily recognizable, and 
there is a prevailing parallelism in these features.* 


Beyond, to the north of the sudden rise in the land near the lake shore, is a 
surface which is still rough, but has no very marked elevations. This district includes 
a tract of land extending from the top of the hills, which rise so suddenly from the 
lake, northward, for several miles, The north limit of this district may be taken as 
a line running from the Pigeon river a few miles south of South Fow! lake southwest- 
ward to near Elephant lake, and thence a httle south of west to the western edge 
of the county. 

Farther north, described in the chapters devoted to the (runflint Lake and Rove 
Lake plates, is a belt, from six to ten miles in width, extending from the western side 
of the county eastward beyond the Grand Marais and Rove Lake road. Here are 
several east and west hill ranges, made, for the most part, of Keweenawan granites. 
One of these ranges (the Misquah hills), which lies near the south side of Ts. 64-1 W. 
and 64-2 W., contains points over 2,200 feet above sea level, or 1,600 feet above lake 
Superior. One point, in the Misquah hills, south of the east end of Winchell lake, 
in sec. 36, T. 64-2 W., is 2,230 feet above the sea, and is the highest point known in the 
state. Two other prominent points are Brulé mountain, south of the Brulé river, in 
sec. 21, T. 63-1 W., which is 2,170 feet above the sea; and Eagle mountain, near the 
southern edge of T. 63-2 W., whose hight has not been determined. 

To the north of these hill ranges is a less rough district, which is underlain by 
gabbro. In places this is quite hilly, but again it becomes comparatively flat, as in 
the northern half of T. 64-2 W. The characters of this district are described in the 
chapters devoted to the special plates, especially in those referring to the Gunflint 
Lake and Fraser Lake plates. 

Still to the north, and forming the northern border of the county from the west 
side of Gunflint lake to Pigeon point, is another district, of topography quite distinet 
from any of the others above mentioned. In fact, it is the only district which is 
very markedly everywhere distinct from the others. This is the district underlain 
by Animikie rocks. Here there are parallel east and west ridges, capped by diabase 
sills; the northern slope of each ridge is steep and frequently precipitous, while the 


* Other features of the lake Superior shore, i. ¢., the abandoned beaches, are descriled further on in this chapter. 
22 
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southern slope is quite gentle. Towards the east, in the vicimty of Pigeon point, 
the hill ranges, which follow the same general direction, are steep on both sides, being 
formed by great vertical diabase dikes instead of southward dipping diabase sills,* 

The Archean area, which forms the northwestern corner of the county, has, at 
the south (Ts. 65-4 and 65-5 W.),a massive, east and west hill range (the Giant’s 
range) formed of granite on the east and of greenstone on the west. This range rises 
in places to a hight of 2,000 feet above sea level. On the north the Giant’s range 
slopes toward Saganaga lake, and this lake hes in a comparatively flat district under- 
lain by the same granite which forms the eastern part of the Giant’s range in this 
county. 

Elevations. The elevations of the following points have been determined. 
Other elevations may be found by consulting the chapters and maps devoted to special 
areas in this county—chapters xxiv to xxvii, plates 81 to S85. 


Elevations determined by leveling.t 


Feet above 
the sea. 
Lake Superior (datum), - - - : - : : : ! : 601.56 
Devil Track lake, T. 62-l west, - ~ - : : : . : - ‘ - 1,636 
Little Pine lake, sec. 35, T. 63-1 west - - . ‘ : : : : 1,837 
Club Foot lake, sec. 34, T. 63-1 west, ‘ F : : 7 1,885 
Round lake, sec. ‘4, T. 63-1 west, - Z é : : : ‘ . : 1,920 
Lake Abita, sec. 21, T. 63-1 west, . - : ‘ : : 5 : 2.048 
Brulé mountain, sec. 21, T. 63-1 west, - : : : : : : : 2,170 
Brulé River lakes, sec. 16, T. 63-1 west, - - : é : - ‘ , 1,649 
Little Trout lake, sec. 5, T. 63-1 west, - 7 : ‘ : ‘ P : 1,910 
Ridge south of this lake, - - - - : : : : 1,994 
Misyuah lake, sec. 32, T. 64-1 west, - - : : : : : 1,911 
Hill east of this lake (one of the Misquah ae < : : : : : 9.923 
Cross lake, sec. 29, T. 64-1 west, - : : : : : ; 1,866 
North Brulé lake, sec. 19, T. 64-1 west, - e : : ; ; : ; 1,854 
Gaskanas lake, sec. 26, T. 64-2 west, - - : : : - ; : s 1,874 
Winchell lake, secs. 26 to 30, T. 64-2 west, . 3 : s : : : 1,910 
Hill south of this lake, in sec. 34, T. 64-2 west, - - - : : - *  & 2.213 
Sham lake, sec. 36, T. 64-3 west, - : : : : ‘ ‘ : : 1,915 
Brulé lake, secs. 13 to 18, T. 63-3 west, - : : : ‘ : : 1,851 
Hill at west end of Brulé lake, sec. 18, T. 63-3 west, — - 2 : : : : 2.084 
Georgia lake, sec. 13, T. 63-4 west, — - - - - - - - . . 1,841 
Surveyors’ lake, sec. 12, T. 63-4 west, —- . : : : : 2 ? 1,849 
Lake Ida Belle, sec. 2, T. 63-4 west, - . : . é : : F : 1,794 
Narrow lake, sec. 35, T. 64-4 west, - - : : ‘ - : : 1,782 
Kiskadinna lake, sec. 24, T. 64-4 west, : : : E : : : - «1,767 
Haw Jake, sec. 35, T. 65-4 west, - - 2 : "3 . : : , 1,706 
North quarter post, sec. 28, T. 65-4 west, — - - , : : ‘ : 2.038 
Loon lake, secs. 32 to 36, T. 65-3 west, — - : ; : : : 4 . 1,745 
Mayhew lake, sec. 36, T. 65-3 west,  - - - - - - . - . 1,853 
Beaver lake, sec. 33, T. 65-2 west, : : 5 : : : : 1,880 
Tucker lake, secs. 2 to 4, T. 64-3 west, : : : : P : : : 1,847 
Banadad Jake, secs. 10 to 12, T. 64-3 west, : : 2 : : : 2 1,944 
Lake, secs. 7 and 8, T. 64-2 west, - 2 2 2 5 : - : . 1,942 
Lake, sec. 10, T. 64-2 west, ‘ - . : : : é : ‘ 1,927 
Poplar lake, sec. 7, T. 64-1 west, . - . - - : : 2 : 1,859 
Straight lake, secs. 7 and 18, T. 64-1 west, . : : : 5 : : 1,879 
Caribou lake, sec. 18, T. 64-1 west, - : : F : , 3 : : 1,868 


*See the chapters on the Gunflint Lake and Pizeon Point plates for descriptions of the topography peculiar to the Animikie- 
Alsou, see figures 2-4 of plate NN, in the chapter on the Gunflint Lake plate. 
¢ The leveling was done in 1sv3 by Messrs. L. A. Ogaard and A. N. Winchell. 
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Meeds lake, secs. 14 and 15, T. 64-2 west, : - : : : 2 e 1,879 
Hungry Jack lake, secs. 2 to 4, T. 64-1 west, - 2 : : : : 2 1,687 
Birch lake, secs. 33 to 36, T. 65-1 west, - s : . - : - : 1,684 
Daniels lake, sec. 25, T. 65-1 west, - : = < - - - ‘ - 1,684 
Duncan’s lake, sec. 28, T. 65-1 west, - - : - - . - 1,664 
Rose lake, secs. 20 to 24, T. 65-1 west, 7 - : - - - - 1,528 
Rat lake, sec. 19, T. 65-1 west, —- - 2 - - : . : 1,531 
South lake, secs. 22 to 24, T. 65-2 west, : : - : - - - 1,558 
North lake, sec. 15, T. 65-2 west, - : . : : : - : 1,550 
Gunflint lake, secs. 19 to 24, T. 65-3 vet: - : : . - - - - 1,547 
Chub (Akeley) lake, sec. 29, T. 65-4 west, - - - - - - - 1,779 
Paulson lake, sec. 25, T. 65-5 west, - - - . - “ . - - 1,708 
Kakigo (Black Trout) lake, sec. 34, T. 65-5 west, - - . - - - 1,663 
Bashitanaqueb lake, sec. 2, T. 64-5 west, 2 - - - 1,657 
Clothespin (Peter) lake, secs. 32 to 34, T. 65-5 west, —- - - - 1,608 
Gabimichigama lake, sec. 31, T. 65-5 west, - Z - . é - 1,587 
Agamok lake, sec. 31, T. 65-5 west, - - - - - - - - 1,585 
Little Saganaga lake, secs. 7 to 9, T. 64-5 west, - - - - - - 1,600 
Muscovado lake, sec. 36, T. 65-5 west, = - - - - - . - - 1,706 
Green lake, first east of last, - - - - - - - - - 1,730 
Charley lake, sec. 32, T. 65-4 west, x : - - - : 1,763 
Gaiter lake, just northwest of last, - : - . - os - - 1,782 
Bear lake, secs. 33 and 34,T.65-4 west, - - - - - - - 1,748 
Flying Cloud lake, north part sec. 31, T. 65-4 west, - - - - - - 1,738 
Greenwood Island lake, sec. 11, T. 64-5 west, - z : . - - - 1,641 
East and West lake, secs. 14 and 15, T. 64-5 west, - $ : : i : y 1,618 
Mount Josephine, northeast of Grand Portage aay - - - - - - 1,305 
Carlton peak, sec. 20, T. 59-4 west,* - - - - - - - 1,529 

- ; - 1,482 


Pike lake, secs. 15 to 17, T. 61-2 westf,  - - : 4 


“levations less accurately determined. 
Feet above 


the sea. 

South Devil Track lake, sec. 31, T. 62-1 east, - . - : é : 1,613 
Hill south of Little Pine lake, sec. 35, T. 63-1 west, 1,995 
Hill three miles east of Brulé mountain, sec. 24, T. 63-1 west, — - 2 2.050 
Hill northeast of Little Trout lake, sec. 5, T. 63-1 west, - 2,023 
Hill near Winchell lake, sec. 36, T. 64-2 west, - - - 2,230 
Ridge south of Brulé river, sec. 22, T. 63-2 west, 2,027 
Granite ridge, sec. 14, T. 65-4 west, - - d 1,967 
Ridge in sec. 23, T. 65-4 west, - : 1,942 
Sea Gull lake, secs. 9 to 12, T. 65-5 west, 1,440 
Ridge south of Gunflint lake, sec. 25, T. 65-4 west, 1,892 
No-name lake, secs. 34 to 36, T. 65-2 west, - . 1,787 
Portage lake, secs. 3 to 5, T. 64-2 west, - - : - - 1,872 
Hill south of Hungry Jack lake, sec. 3, T. 64- Ly west, - . - - 1,902 
Hill south of Duncan’s lake, sec. 4, T. 65-1 west, - - - - - 1,907 
Rose Lake mountain, secs. 20 and 21, T. 65-1 west, . - - . - 1,997 
Hill in sec. 31, T. 65-5 west, - - - - _ . - 1,827 
Hill in sec. 29, T. 65-5 west, - - - - - - - - 1,867 
Little Round lake, sec. 12, T. 64-5 west, - : - 1,677 
Big Round lake, secs. 7 and 8, T. 64-4 west, - - 1,702 
Little Copper lake, secs. 9 and 10, T. 64-4 west, - - - - - 1,777 
Lake in sec. 15, T. 64-4 west, - - - - - - - - - 1,867 
Hill, one-fourth mile west of this lake, - - - . - 1,967 
Snipe lake, sec. 3, T. 64-4 west, - - - : : - - 1,i57 
Hill north of this lake, - - - - - - - - 1,927 
South Fow] lake, sec. 1, T. 64-3 east, - - - - - - - 1,436 
North Fow! lake, sec. 26, T. 65-3 east, —- - - . - 1.440 
Moose lake, secs. 19 to 21, T. 65-3 east, - - - - - 1,492 
Mountain lake, secs, 14 to 18, T. 65-2 east, - 1,652 
Rove lake, secs. 19 to 22, T. 65-1 east, - - - 1,667 

- - 1,465 


Pine lake, secs. 1 and 2, T. 65-4 west, - 


*As determined by the U.S. Lake Survey. 
¢ As determined by Dr. A. H. Elftman. 
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(Soil and timber. 
Feet above 
the aea, 
Granite (Banks Pine) lake, secs. 10 and 15, T. 66 4 west, - - - - - - 1,448 
Sayanaga lake, northeast edge of Cook county, i . - . . - 1,434 
Red Rock lake, secs. 28 and 33, T. 66-5 west, 3 Z - - . : - 1,435 
West Sea Gull lake, sec. 8, T. 65 5 west, = : : : : - - 1,450 
Sea Gull lake, secs. 9 to 12, T. 65-5 west, —- - - . - - - a 1,440 
Frog Rock lake, sec. 18, T. 65 5 west, : . : . - : - - 1,470 


The highest known point in Cook county, and in the state of Minnesota, is the 
hill already mentioned (page 317), which rises 2,230 feet above the sea. The lowest 
water surface is lake Superior, 602 feet. This makes a difference of 1,628 feet 
between the extremes of altitude in Cook county. Mr. Warren Upham has esti- 
mated the mean altitude of the county as 1,550 feet above sea level. 

Soil and timber, Wherever there is sufficient soil for farming, and such areas 
are common throughout the county, but more especially in the dnft covered country 
just back of the steep hills which rise from lake Superior, crops can be raised in 
abundance; in fact, most of the common farm products, except, perhaps, Indian 
corn, can be grown. Farming has been carried on in several places along the lake 
shore, as at Poplar river (Lutsen) and (irand Marais. Back from Grand Marais, 
in the vieinity of Devil Track lake, is good farming country, and large parts of the 
Pigeon River Indian reservation are well adapted to agriculture. As the country 
is developed more and becomes better settled. it will be found that large tracts can 
be farmed. 

The county is timbered and much white and Norway pine is present, little 
lumbering having as yet been done. Birch and sugar maple are also common, the 
latter being especially abundant in the western part of the Pigeon River Indian 
reservation. And poplar and spruce are abundant. 


GEOLOGICAL STRUCTURE. 


Within the area of Cook county there are the following geological formations, 
the most recent being placed at the top: 


Post-glacial, 
Glacial, 
Keweenawan, 
Animikie, 
Archean. 


The three which, lie below the glacial deposits may be briefly described as 
follows: At the northwest corner of the county is an area of Archean rocks consist- 
ing of granites, greenstones, conglomerates, slates, schists, etc. These are the oldest 
rocks in the county. They have been much folded and eroded, and on their worn 
surfaces the Animikie strata were deposited. Rocks of the latter age lie to the south 
of the Archean area and dip towards the south, usually at a low angle. South of 
the Animikie strata and in general overlying them are the Keweenawan rocks, which 
are in part (Cabotian) igneous rocks composed largely of gabbro and granite. South 
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of the Cabotian rocks and overlying them and dipping to the south under lake 
Superior are other Keweenawan rocks, which consist of conglomerate and sand- 
stone and large amounts of igneous material (Manitou), much of which is in the 
form of surface flows. 

The Archean. The Archean rocks are confined to a comparatively small area 
at the northwestern corner of the county, and they are conveniently divided into 
four groups—greenstones, Lower Keewatin, granite and Upper Keewatin. The green- 
stones are composed essentially of aggregates of hornblende and a plagioclase feld- 
spar, and they are regarded as originally basic igneous rocks which are now more or 
less altered and may be called diorytes. As stated in the chapter on the Akeley Lake 
plate, there are some reasons for regarding some of the greenstones as the oldest 
rocks in the county, even more ancient than the Lower Keewatin rocks, but that they 
are thus of pre-Keewatin (Archean, as that term is used by the U. 8. Geological 
Survey) age is not certain. These greenstones are well exposed all through the 
area mapped as underlain by them, but they can most conveniently be seen at Frog 
Rock lake, at the southern end of West Sea (cull lake and along the northern border 
of the Animikie rocks as far east as sec. 27, T. 65-4 W. The greenstones are cut by 
a few quartz porphyry and quartzless porphyry dikes. 

The Keewatin rocks consist of greenstones, green schists, sericitic schists, argillytes, 
praywackes, jaspilytes, conglomerates, etc. It is possible to divide the Keewatin into 
two series separated by a marked unconformity. Unfortunately, our present know]l- 
edge will not enable us to everywhere separate these two parts of the Keewatin, so we | 
have been compelled to map some territory as underlain by Keewatin which has 
not been separated into the two parts. Older than the Upper Keewatin, and belonging, 
in part at least, to the Lower Keewatin, are granite, jJaspilyte, greenstone and flinty 
slate, all of which occur as pebbles in the basal conglomerate of the Upper 
Keewatin. With this later series, we know, belong some conglomerates, argillytes 
and graywackes, and in part we are able to outline the area underlain by these later 
rocks, The Upper Keewatin is unconformable on the Lower Keewatin, but contacts 
between the two have not been reported in this county. However, contacts between 
the basal member of the Upper Keewatin and the granite and greenstone are known. 
At such places the later rocks are found resting unconformably on the older. One 
of the best places to see this unconformable overlie is near the west shore of West 
Sea Gull lake, and another is at the extreme northwestern corner of the plate at 
Naganaga lake. 

At the latter place a junction between the granite and the Keewatin clastics 
has been known for some years, but it seems in general to have been taken for an 
eruptive contact, and the writer thus described it.* Later, opportunity was had to 


* Twentieth Annual Report, pp. 83-9%; Amer. Geol., vol. x, pp. 4-10. 
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study thin sections of the rocks collected at this locality, and it then became evident 
that the rock which had been regarded as a contact facies of the granite was in 
reality a clastic rock composed of granitic debris little assorted. This, when con- 
solidated, makes a recomposed granite. At once the conclusion was reached that 
here was an unconformable overlie of Keewatin clastics on granite. A visit to this 
spot in September, 1896, in company with Messrs. N. H. Winchell, A. H. Elftman 
and H. F. Bain showed that the conclusion reached from a study of the rock sections 
was correct. At the actual contact between the two rocks it is quite difficult to tell 
_ them apart; about the only difference observable macroscopically is that in the 
recomposed granite (base of the Upper Keewatin) the hornblende of the true granite 
is lacking. On going farther away (west) from the granite, the recomposed granite 
becomes similar to and grades into graywackes interbedded with slates. The slates 
and graywackes are well exposed in the little bay of Saganaga lake in sec. 24, 
T. 65-6 W., and on going overland between this bay and the adjacent bay in sec. 19, 
T. 65-5 W., the actual contact between the granite and the recomposed granite can 
be found. At the portage to Oak lake at the west end of Saganaga lake, and fora 
quarter of a mile or more east of this portage, on both sides of the international 
boundary, the recomposed granite is well exposed. Rock samples (20381 to 2045) 
were collected at this locality and represent different phases of the recomposed 
granite; they will be described in the chapter devoted to petrography. 

The Archean granite which is found in Cook county is confined to the vicinity 
of Saganaga lake and the district between this lake and Gunflint lake. It is a 
coarse-grained gray to reddish granite and is known as the Saganaga granite. The 
chief components are quartz, orthoclase, acid plagioclase and hornblende; the rock 
is thus a hornblende granite, and typical samples of it are numbered No. 686. 
A peculiar and characteristic feature of this granite is its large grains of quartz, 
which are conspicuous on weathered surfaces. The quartzes are commonly a quarter 
of an inch in diameter, and they frequently become larger. While the granite mass 
is asa whole quite uniform in composition and grain, it varies in places, especially 
along its southern border in T. 65-5 W., to a more basic rock. The quartz becomes 
scarcer and is sometimes practically lacking, and the rock becomes a hornblende 
syenyte. At the same time the lime-soda feldspar, which is present to a consider- 
able amount everywhere, as far as examined, increases in quantity as the quartz 
decreases, and the rock varies not only to a syenyte, but also to a dioryte. Sphene 
(titanite) is a common constituent of the granite, and in places the sphene crystals 
become quite noticeable macroscopically (6S6Q). 

On an island in Saganaga lake (S. E. 4 N. W. 4sec. 14, T. 66-5 W.) is a large 
white quartz vein in which a number of years ago some mining for gold and silver 
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was carried on, but without success. The main rock of this island is a fluorite 
granite (Nos. 676, 677G, 678G, 2046), and this, as far as the writer knows, is the only 
fluorite granite reported from the state. The fluorspar is not in great amount, but 
is scattered in small grains throughout the rock. 

The Saganaga granite is cut by a few small! dikes of a much finer grained 
granite, or aplyte, which is composed almost entirely of quartz and alkali feldspar. 
Samples from one of these aplyte dikes are Nos. 681G and 682G. 

The relations of the Saganaga granite to the Upper Keewatin have already been 
spoken of. Its relations to the greenstones are entirely different in a number of 
places, the most conspicuous of which are (1) The bluff on the south shore of West 
Sea Gull lake, in N. W.4N. E. 4 sec. 17, T. 65-5 W., and (2) A locality just west of 
this lake in the 8. E. 4 sec. 7, T. 65-5 W. At both localities the granite is seen cut- 
ting the greenstone in a complex of branching vein-like forms, but the second locality 
shows these branching tongues of the granite to the best effect. At the first locality, 
however, the relations of the two rocks are sufficiently distinct. 

The relations of the granite to the Lower Keewatin rocks are not definitely known. 
As has already been stated, the Saganaga granite is older than the Upper Keewatin 
and younger than the greenstones along its southern border, but the relations of 
this mass of granite to the Lower Keewatin rocks have not been observed in this 
county, unless these greenstones be of Lower Keewatin age. Dr. A. C: Lawson has ~ 
described a conglomerate cut by the Saganaga granite near the northwest corner of 
Saganaga lake, in Canadian territory,* and Dr. A. H. Elftman informs the writer 
that he has observed this same granite cutting a conglomerate and other clastics 
farther towards the east. It would thus seem that the Saganaga granite is younger 
than the Lower Keewatin. 

The Animikie. The Animikie rocks rest unconformably on the granite, the 
greenstones and some of the Keewatin rocks. Animikie strata occur in a small area 
on the south side of Gabimichigama lake at the west line of the county. They next 
appear about four miles farther northeast (in N. W. 4 sec. 34, T. 65-5 W.) and then 
continue uninterruptedly to the extreme eastern side of the county at Pigeon point. 
At first (on the west) the belt occupied by these rocks is very narrow, but towards 
the east it soon widens out and spreads both north and south of the international 
boundary. 

The northern limit of the Animikie les along the southern side of the Giant’s 
range and the strata dip off gently to the south, or a little east of south. Towards 
the east the dip is small, and at times is almost flat, but in general the angle of dip 
is from 8° to 10°. Towards the west the angle of dip increases, and in some places 


* Amer. Geol., vol. vii, p. 824, May, 1891. 
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reaches 50° to 60°, or even higher. The Animikie strata thus form a gentle south- 
ward dipping monocline. In some places, especially west of Gunflint lake, the simple 
monoclinal structure is replaced by some small folds in the taconyte or iron-bearing 
member. The axes of these folds run approximately east and west, and the most 
noticeable fold is a syncline in the southern parts of secs. Q1and 22, T. 65-4 W. 

In Minnesota the Animikie has been divided into four members,* which, in 
descending order, are as follows: 


Graywacke-slate member. 

Black slate member. 

Taconyte or iron-bearing member. 
(Juartzyte member (Pokegama quartzyte). 


The lower two are typically developed in St. Louis county, where the black 
slate, and also perhaps the upper member, is known. In Cook county all but the 
lowest member are typically developed, and this lowest member is lacking. No 
fragmental quarzyte, except a few small layers in the taconyte member, is known 
at the base of the Animikie in Cook county. 

The Taconyte or iron-bearing member shows the usual features of this member 
as already described in St. Louis county.+ The rocks of this member are confined 
to a belt some nine miles in length extending westward from Gunflint lake, and toa 
small area between this lake and North lake. A considerable part of Gunflint lake 
is undoubtedly underlain by these rocks, which pass entirely into Canadian territory 
at North lake. 

To the south of the taconyte member is the overlying black slate member 
which is composed largely of black carbonaceous slates, often very fissile, but some- 
times quite massive in appearance. Some of the more massive parts of this.member 
are well exposed near the top of the bluff, at the first rapids above the mouth of 
(‘yoss river, which flows into the west end of Gunflint lake (No. 961G to No. 961cG). 
This member is found in outcrop near the south shores of Gunflint, South and Rose 
lakes, and, as far as known, it passes entirely into Canadian territory before reaching 
Rove lake. | 

The graywacke slate or upper member of the Animikie forms the main mass 
of the rocks of this age in Cook county. On the west it first appears west from 
Loon lake and continues eastward to and beyond the limits of the county. This 
member is composed of black and gray siliceous slates, graywacke slates, and fine 
quartzytes and quartz slates. The quartzyte layers are seen in places along the 
south side of Loon lake, near the top of the Animikie as there exposed, and on 
going eastward the quartzyte and quartz slate increase in amount and forin the 
main mass of the upper member of the Animikie. These quartzytes are well known 


® Tenly-second Annual Report, p. 74. 


+See Twentieth Ann val Report, pp. 11-180; Bulletin 10; and the chapters on the northern part of St. Louis county, and on 
the special plates of the Mesabi iron range in that county in this volume. : ? Zs 
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in the vicinity of Pigeon point, where the name Wauswaugoning quartzyte has been 
applied to them; they are described in the chapter on the Pigeon Point plate. In 
the vicinity of the Puckwunge river, south of South Fowl lake, and especially along 
the Grand Portage trail there is a fine-grained graywacke-like rock which Prof. N. 
H. Winchell has named the Grand Portage graywacke, and referred to the upper 
part of the Animikie above the clastics of Pigeon point.* 

The Animikie strata have been intruded by vast amounts of igneous matter 
which has soliditied in the form of diabase. This igneous material takes two forms— 
sills, parallel to the strata, and dikes which cut the strata in various directions. 
The dikes are usually vertical and commonly run approximately east and west. 
The sills and dikes vary in thickness from a few inches to a hundred feet or more. 
On account of the more resistant nature of these igneous rocks they stand up above 
the general level of the Animikie strata and form a large part of the outcrops. 
From these numerous outcrops, especially of the sills, one might reach the con- 
clusion that a much greater thickness of these rocks exists than is actually the case. 
To these sills are due the sharp, northward facing cliffs which are so characteristic 
of the region of the international boundary in Cook County.t 

The Keweenawan. Lying to the south of the Animikie area and extending to 
the lake Superior shore are the Keweenawan rocks. These dip southward or south- 
southeast at low angles, and underlie three-fourths or more of the county. The vast 
mass of these rocks is of igneous origin, and only comparatively few sedimentary 
beds are known. The Keweenawan rocks have been divided by the state geologist 
into three parts, which, in descending order, are as follows: 


Igneous rocks, Manitou. 
Conglomerate and sandstone, ale 
Igneous rocks, Cabotian. 


The conglomerate is regarded as forming the base of an unconformity which 
separates the Keweenawan into two divisions. Associated with the Manitou rocks 
are some red sandstones which are of later date than the conglomerate, but which 
can be conveniently classed with it, the conglomerate, sandstones and Manitou igneous 
rocks forming the upper division of the Keweenawan.} 

(1). The Cabotian. In this division, the oldest of the Keweenawan, are included 
three general classes of rocks: (1) Gabbro; (2) Granite and its finer grained equiva- 
lents; (3) Diabase and other basic surface and dike rocks. 

The gabbro - the great gabbro mass of northeastern Minnesota—occupies a con- 
siderable tract of country to the south of the Animikie. This rock mass consists of 


*Sce the description of the Pigeon Point plate. 

+ For a description of the dikes in the Animikie see the chapter on the Pige on Point plate, and for an account of the sills 
seo the chapter on the Gunflint Lake plate and also Bulletin 8, pp. 24-48. 

}t These upper and lower divisions of the Keweenawan do not agree fully with the Upper and Lower Keweenawan, as 
described by R. D. Invina, U. S. Geol. Survcy, Mon. 5, The divisions of the Keweenawan, as used in this report, are discussed in 


the chapter on structural geology, in vol. v. 
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a coarse-grained granitic aggregate of plagioclase (usually near labradorite), augite 
(diallage), olivineand magnetite (titaniferous); sometimes an orthorhombic pyroxene 
is present. The rock varies at times on account of the greater or less amount of the 
constituent minerals. The two most noticeable variations, as exhibited in Cook 
county, are towards a pure plagioclase rock (anorthosyte) and towards a titaniferous 
magnetite. The first is seen in the vicinity of Little Saganaga lake, T. 64-5 W., and 
the second occurs at several places, as at Mayhew lake, just north of Tucker lake, 
and west of Brulé lake, in sees, 21 and 22, T. 63-4 W. On the east the gabbro is 
found in contact with the upper or graywacke-slate member of the Animikie, and 
in going west the gabbro comes in contact with lower strata, successively lying on 
the black slate member of the Animikie, the iron-bearing member of the Animikie, 
and the Archean clastics and greenstones, while still further west (in Lake county) 
it lies on Archean granite. The gabbro has exercised a marked influence on the 
rocks with which it has come in contact, at the contact the older rock being com- 
pletely recrystallized. This metamorphism can be seen in a number of places at 
the northern edge of the gabbro, but is especially well marked at the southwest 
corner of Loon lake, where the rocks of the upper member of the Animikie are 
recrystallized,and westward from sec. 27, T.65-4 W., where the iron-bearing member 
of the Animikie has been profoundly affected. The characters of the gabbro mass 
seem to indicate that it was in the nature of a great laccolith, but the southern or 
upper side of this mass has not been studied sufliciently to clearly demonstrate the 
laccolitic nature of the gabbro. 

(jranites exist in anumber of places in or to the south of the gabbroarea. They 
usually form belts trending west-southwest and east-northeast, and, on account of 
their resistant nature, commonly make hill ranges. The granites in places reach 
the lake Superior shore, but in general along this shore these rocks are represented 
by finer-grained facies, such as quartz porphyries. In general the granites are of 
later date than the gabbro, and dikes of the former cut the latter, as at lake Ida Belle 
in the northeastern part of T. 63-4 W. The granites are usually of rather fine grain 
and are redincolor. The constituent minerals are mainly feldspar (orthoclase, anor- 
thoclase, acid plagioclase), quartz, hornblende and augite. 

Diabase and other surface and dike rocks of the Cabotian are common. They 
occupy in general a belt of country south of the gabbro and granites and frequently 
extend to the lake Superior shore. Such rocks are also found much farther north, 
as in the vicinity of Brulé lake. The surface flows are frequently amygdaloid and 
closely resemble the later flows of the Manitou (see figure 3 of plate HH, where 
the Cascade river is shown descending over layers of coarse and fine-grained amyg- 
daloidal diabase and tuff; these layers dip-at a low angle towards S, 25° E.; S. E.4 
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sec. 12, T.61-2 W.) One of the most persistent belts of Cabotian rocks is that known 
as the Beaver bay diabase which is found at or near the lake shore for considerable 
distances both east and west of Beaver bay. This rock in its typical form is a 
coarse-grained, almost black, olivine diabase. It forms in places a marked range of 
hills (the Sawteeth range) a short distance north of the lake shore (see figure 55 on 
page 315). In places, as at Carlton peak (see figure 2 of plate HH), this diabase includes 
vast masses of coarse-grained anorthosytes, which have been described by Drs. A. (. 
Lawson* and A. H. Elftman.t | 

(2). Puckwunge conglomerate. The basal rock of the upper part of the Ke- 
weenawan is a conglomerate which grades upward into a sandstone. This conglom- 
erate and sandstone are known in several places, as on the north side of Grand Port- 
age island, or a short distance west of Grand Portage, and north of Otter lake in T. 
64-38 E. These occurrences are described in the chapters on the Pigeon Point and 
Mountain Lake plates. Along the lake Superior shore in some places there are beds 
of red sandstone mixed with more or less igneous material. Such occur at the mouth 
of Poplar river (Lutsen) and at Good Harbor bay. 

(3). The Manitou, This consists of igneous rocks, which are mainly basic, and 
which occur most commonly as flows. These rocks are, in general, confined to a 
narrow belt along the lake Superior shore. These flows are at times cut by diabase 
dikes, also of Manitou date. In this connection it should be mentioned that dikes 
of comparatively unaltered diabase are found cutting all of the different formations 
in Cook county, but (1) as there evidently were two or more dates for the intrusion 
of these dikes, and (2) as the dikes are so uniform in lithological character, it has 
been impossible to state the aye of all of these dikes, except to say that they are 
referred to the Keweenawan. 

The lake Superior shore. Starting on the west and going northeastward along 
this shore numerous outcrops are seen, notes upon which are as follows.t In con- 
nection with these notes reference should be had to plates FF and GG, especially the 
latter, in the chapter on Lake county.§ 


No. 161. Diahase from the shore at the town line between ranges 5 and 6 (on section 36), one of the layers 
associated with altered conglomerate in an amygdaloidal state, some having thalite and mesolite. Some has 
what appears like prehnite (lintonite?) and some calcite. These are not evenly disseminated, but often are found 


in patches or clumps closely aggregated, the rest of the rock having less. 
No. 161A. Brown, aluminous vein-rock in No. 161. These veins are from two to four inches wide and 


contain heulandite. 
No. 161B. Pebbles of mesolite, from the top of No. 161. 
No. 162. Amygdaloid, from the same place as No. 161. 


* Bulletin 8, pp. 1-23. 

tTwenty-second Annual Report, pp. 174 179; also in unpublished manuscript. 

The anorthosytes at Carlton peak are to be discussed by N. H. WINUHELL in the chapter on structural geology in vol. v 
of this report, and by A. H. ELFTMAN in the American Geologist. 

| Taken from the notes of N. H. WiINCHELL, Ninth Annual Report, pp. 42 61. 

§ The rocks here mentioned are described in detail in vol. v. 
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From the last place to Sugar Loaf point the coast is low, with much stony and gravelly beach, the points 
only being of rock. This rock is coarse dark trap. 

No. 163. From Sugar Loaf point —a small point enclosing a little bay and harbor on the northwest side with 
asandy beach, and having a conspicuous tuft of trees standing isolated from the low shore lying next west of it. 
The rock is rough trap, consisting of two sorts, and dipping S. 10° E., at an angle of about 12°. The upper part 
appears to be somewhat more uniform and basaitic, or massive, and of a greenish color, eighteen feet thick. The 
lower is harder and has many concretions and amygdaloidal spots. These spots are in nests, the amygdules being 
of mesolite and stilbite (%). There are, perhaps, of this, three or four feet, but it is irregularly bedded, and 
contains pebbles as if conglomeratic. These pebbles and enclosed masses seem to be so thoroughly embraced in 
the rock that they were more likely to have been in the molten mass - semi-fused—than to have been of marine 
origin. The greenish color of the upper portion seems to come from the weathering of the tirm trap. The upper 
portion also becomes globuliferous in disintegrating under the weather, exhibiting the characters that have been 
ascribed to melaphyre. 

East of Sugar Loaf point, to Two islands, the coast is rocky most of the way, particularly in the western 
portions, with several short pebbly beaches. The rock is of the same sort as at the point, and along the beach 
are strewn white pebbles of mesolite, with stilbite. The coarse basalt of the point rises again immediately 
on the east of the bay, disclosing purgatories below it in the amygdaloid, the bluff rising twenty-five feet, and 
being cut by canyon-like gorges, and crossed by two or three little streams before reaching Two Island river. 

No. 164. Trap rock, like No. 163, dipping toward the lake at an angle of about 12°, between Sugar Loaf 
point and Two Island river. 

No. 165. From the westerly of the Two islands the rock rises about forty feet, basaltiform on the west side 
dipping southeast, conformably with the dip of the rock on the shore. The westerly is the larger island, forty 
rods long, the other being about twenty feet high and twenty rods long. The rock is similar to that of No. 163. 

The Two Island river, like many others, is closed during the summer months by a gravely spit that turns 
westerly from its point of starting from the shore, under the action of the wind and waves of the lake as opposed 
by the current of the river. The drift of the beach seems always to be toward the west, and these spits that shut 
up the streams are uniformly in that direction, the river being continued sometimes behind the spit for several 
rods before, by entering the gravel, it is tinally lost altogether. (Compare tigure 2 of plate Il.) The coast line 
is hardly broken by the river, especially in the existence of this spit, but the valley seems to be in the eroded 
place of one of the more amygdaloidal lavers of the igneous formation that forms the coast line. There are sev- 
eral falls a short distance up this stream, as there are up all these streams, making the north shore more abundant 
in water-power than any other part of the state. 

The rock of Two Island river continues to form the coast to Cross river, the shore ascending from the - 
water with the slightly varying dip, from three to fifteen feet, but rarely having perpendicular walls. 

At Temperance river the same beds are cut through by the river, and the underlying amygdaloid allows of 
the sudden recession of the lowest rock-barrier within the line of coast, so as to form a smal] rock-bound amphi- 
theater, rising suddenly and perpendicularly from the lake level on all sides, forming a good harbor for small 
boats. This is entered through a little niche in the rocky coast, in quiet water. The water of the river descends 
by a short plunge over the next lower layer of trap-rock directly into the water on a level with lake Superior. 
Above the fall is a narrow gorge, only visible on ascending the rocks, crooked and filled with cascades, through 
which the river rushes with a rapid current, throwing a white spray on all sides. This gorge exhibits some large 


pot-holes, some also worn and broken, thus showing how the river has eaten into the rock and excavated this 
gorge. There is no larger stream between this and the St. Louis. 


—) Vir" 
Te I ED 


TAs ee 1 4 es = CLAD MO BOM LTS Ye 


169 


— 


Fidr. 56. 


GLOBULIFEROUS WEATHERING JOINTAGE NEAR TEMPERANCE RIVER. 


Ascending the Temperance river the layers vf the copper series can be seen constantly rising, the dip of 
the formation being greater than the descent of the river, so that by the time the falls are reached several 
hundred feet of thickness of bed have been passed over. They all have a general resemblance to themselves, 
being a trap like Nos. 163, 164 and 165, but in places, or rather in beds, amygdaloidal, these beds coming in with 
a rough alternation, but not with continued regularity. They may have been partly sedimentary, but they 
show no outward signs of it, except, perhaps, this kind of stratification—-which still may be due to successive 
overflows of lava. Indeed the amygdaloid beds seem to alternate in a manner as if a flow of lava became 
amygdaloidal by degrees toward the upper surface, the denser portions passing upwardly gradually in the more 
open, but the open parts passing upwardly suddenly to compact, non-vesicular layers. There is also a marking 
on the upper surfaces of some of the amygdaloidal beds, which seems to show the effect of cooling from 
a molten condition. These marks or wrinkles are transverse to the direction of the dip. They are in 
a finer grained rock, though on the upper surface of the amygdaloidal layers, and seem to be of the same 


Norg.—Figure 56 illustrates the manner in which the heavy beds sometimes disintegrate. The rock No. 166 is the same that 
forms the gate to the amphitheater at the mouth of Temperance river. 
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kind of rock, though redder, as the amygdaloid itself. They are seen at four different horizons, and overlie 
uniformly beds of a foot or a foot and a half up to three feet and a half of amygdaloidal trap, with which they 
are connected by slow changes into the same structure. They are themselves somewhat amygdaloidal, but with 
much finer and fewer amygdules. There is sometimes a thin belt, or interrupted stratum, of highly and coarsely 
vesicular and amygdaloidal rock immediately under the wrinkles, which causes the separation of sheets of the 

wrinkled finer rock from the rest of the bed. These wrinkled surfaces, which are transverse to the supposed 
flow of the molten rock toward the lake Superior basin, may have been caused by the superficial cooling of a 
film of rock on the surface of the flowing lava. The lava continuing to flow—toward the lake valley—the film 
was wrinkled by being obstructed by its own stiffness, as cream is wrinkled transversely on the edge of a pan 
as the milk runs out below. As the liquid below moved on, the crust somewhat stiffened, could not so freely 
move, but yet was not hard enough to maintain its position. By friction it was carried on more slowly, but 
wrinkled transverse to the force moving it. The crumpled layers are about an inch thick, but sometimes two or 
three are infolded upon each other, making a crumpled layer of three or four inches. They are much finer and 
denser in grain and structure than the beds on which they lie, and are of a redder color. The convex sides of 
the wrinkles are upward. The trap here is all of a dark color, as distinguished from the red trap and laumon- 
titic amygdaloids, and overlies the red amygdaloids between here and Poplar river. The amygdules are calcite, 
stilbite, mesolite, with chlorite in its various stages of change. Sometimes embraced in these wrinkled layers 
are lenticular areas or patches, one-half inch to one and one-half inches thick, of a red grit, resembling the red 
sandrock with which these traps are associated, and within the amphitheater, near the water on the north side, 
is an irregular triangular patch of ferruginous, thin-bedded shale, itself amygdaloidal, lying under a layer of dark 
trap and over the beds that show these wrinkled surfaces. Five layers of alternating trap and amygdaloid are 
visible between the lake and the first fall, somewhat less than one-quarter mile up the river. 

No. 166. Heavy, dark trap, forming the gate to the amphitheater at Temperance river, from the top of the 
bluff, twenty-two to twenty-tive feet. | . 

No. 167. Ochery, red, shaly beds of grit in a niche in the disturbed amygdaloid under the beds of No. 166, 
zero to three feet: with tine argillaceous films. 
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FIG. 57. SUPERPOSITION OF ROCKS AT THE MOUCTH OF TEMPERANCE RIVER. 


No. 168. Amygdaloid of calcite; same as the next, but taken higher in the beds. 

No. 169. Upper surface of an amygdaloid layer, rising like a dome near the water, exposing three feet. 

No. 170. Wrinkled upper surface of an amygdaloid \ayer, from near the mouth of the river. 

No.171. From the lowest layer exposed at the falls, about one mile up Temperance river; outwardly a 
trap undistinguishable from all the rest at Temperance river. This fall is on N. W. 14 sec. 30, where a little 
creek joins the river from the northwest. 

The gorge of this river, and the falls, taken with the cascades, the pot-holes and the rapid descent, are 
altogether a most remarkable combination of picturesque river erosin. They are in the midst of inaccessible 
and wild scenery. The gorge is so narrow it can be stepped across, the only danger being to secure footing on 
the other side, for a failure would precipitate a man down a gorge from 50 to 100 feet intoa foamingriver. In one 
part of this gorge, which is about sixty rods long, are several perpendicular fallsof the water, some of them being into 
large pot-holes, from which the water whirls and plunges downward obliquely into others. Some of the aban- 
doned pot-holes are on the rock 100 feet above the water, and some are even outside the river gorge, and show 
where the river has acted formerly. . 

' No. 172. About three-quarters of a mile below the mouth of Temperance river; from a layer of trap that 
weathers green, is irregularly bedded and in spots is amygdaloidal. This is a little higher than No. 166, in the 
bedding, but at points further east, and particularly at a point about one-third of a mile east of Temperance 
river, seems to hold large globular masses, as if of boulders, and at other places seems to be conglomeratic in the 
same way. Nos. 167 and 168 become a thinly bedded amygdaloid running along the shore between No. 166 and 
No. 169. 

No. 172A. Slickensided stilbite, from this. 

No. 173. Northeast corner sec. 28, T. 59-4 W. Ina little stony bay facing northeast. This bay is partly 
shut in by a projecting trap point running northeast, from which this number is obtained. It is an amygda- 
loidal trap containing stilbite, thalite, calcite, with some laumontite in amygdules and in nests and joints. The 
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stilbite occupies the larger cavities, or lines them, the thalite being as filling to amygdules or in geodes of heu- 
landite. The rock itself is roughly bedded, and dips toward the lake at an angle of about 10°. 

No. 173A. Heulandite, taken from No. 173. 

No. 173B. Weathered mesolite from the beach in the bay on section 28, near No. 173. 

No. 174. At five miles from Temperance river (sec. 12, T. 59-4 W.) the bluffs rise from twenty to forty feet, 
and are made up of trap and amygdaloid, sometimes having the globuliferous jointage noted near Temperance 
river (see figure 56, page 328); the amygdaloid also sometimes being conglomeratic, containing harder masses of 
more compact rock; still somewhat amygdaloidal; and a ferruginous sandstone which seems rather to fill veins and 
irregular cavities. There is much calcite and laumontite in this amygdaloid. The samples with this number are of 
the more compact rock in the amygdaloid, and of the sandstone. There are many deep purgatories and arched pas- 
sages and buttressed porches along here. The globuliferous jointage noted is not due to the existence of 
boulders in the mass, but to a natural separation of the bed along conchoidal or curving surfaces, as it prepares 
to disintegrate. These all dip toward the lake about 15°. 

No. 175. At six miles (about) east of Temperance river (the coast all the way from that river being con- 
tinuously rocky with the same as seen at Temperance river), the conglomeratic beds appear on the coast. Here 
they are more distinctly conglomeratic than at other points. Some of them contain angular and somewhat 
rounded masses of different texture, though not of much different color or composition, from the mass of the 
rock. Here there are also lumps of amygdaloid contained in a red sandrock, the amygdules being largely of 
calcite and laumontite; but the sandstone, which, however, is hardly gritty, but ferruginous and aluminous, 
makes up less than one-half of the mass. These beds (No. 175) are about six feet thick. They are overlain, in 
an oblique upward strike from the water, by a bed of trap undistinguishable from the trap that occurs frequently 
along here, and are underlain by the next. 

No. 176. A tough, thin-bedded rock, containing much iron, and having a red mineral (heulandite?) separa- 
ting its frequent joints, so as to appear blood-red on approach, or spotted blood-red. Its general color is dark- 
brown or black, and it is seamed with calcite, and laumontite, the second including the former as between 
the walls of a vein,the veins being rarely more than one-quarter inch in thickness. It is finely amygdaloidal 
with the same minerals; twenty-two feet thick; resembles the Two Harbor rock. 

No. 177. Is another bed of amygdaloid and sandstone, eight feet thick, underlying No. 176. (See No. 626.) 


No. 178. Shows four feet, but beyond, at another bluff, rises so as to show ten feet. 


It is a less amyg- 
daloidal state of No. 177, and lies below No. 177 


The last two numbers are got about fifty rods east of Nos. 175 
and 176. There is an isolated pillar of No. 176 standing on a broad pedestal rising about twelve feet high, about 


forty feet from the shore. 

Round the next little point, about twenty rods further, these beds are broken and confused, the dip 
changing to the southwest. There are here broken upward bends, or domes, of soft amygdaloid that encroach 
on No. 176 so as by weathering to make deep purgatories with buttresses of No. 176 separating them. After a 
short interval the beds go back again, and retain their usual dip toward the lake. (Compare No. 626.) 

No. 179. Comes in below these amygdaloids, at about a mile west of Poplar river; a greenish, heavily hed: 
ded doleryte; rising about ten feet and returning near the water, as the coast line crosses the strike of the beds. 
The coast between Temperance and Poplar rivers is very picturesyue and interesting, but difficult for small 
boats. The trap and amygdaloids take a thousand fantastic shapes, as the line of the lake level cuts across the 
undulations of their bedding and change of dip. Sometimes the bridge of trap, as it runs down to the lake, is 
entirely eaten under, forming deep purgatories; or it sometimes breaks down, leaving islands of rock just off the 
line of coast. Sometimes island, bridge and all are taken away, and the waves break on the base of a high 
bluff that often rises perpendicularly from the water, or is skirted by a little, short pebbly beach, a rod or more 
inside the line of islands, 

No. 180. From the middle island at the mouth of Poplar river. Here the strike of a heavy layer of trap 
runs along the shore, but about six rods lakeward it exists as islands and a reef left by the waves, thus enclosing 
a small and imperfect harbor for small boats; contains mesolite. 

No. 181. Underlies No. 180 and does not vary much from it, except in being more evenly and more thinly 
bedded; and in separating into closer joints, so as to disintegrate, leaving No. 180 to stand alone, and really causing 
its more rapid demolition. Nos. 180 and 181 form substantially one rock, and are both what has been styled trap 
along here. In weathering they become very rusty, when not under friction, and brick-red, crumbling in little 
red globules. These beds are twenty-four feet thick. 

No. 182. Is directly under No. 181, and is a shaly, red, easily crumbling rock, apparently of not uniform 
thickness, but, in one place, is about eight feet thick; on the east of Poplar river, associated with a red con- 
glomerate. 

No. 183. A highly amygdaloidal rock, exposed below No. 182, but ascending, at other places when exposed, 
so as to “pinch” out No. 182, and almost uniting with No. 181. This crumbles and gets brick-red on weathering 
on the beach. Nos. 182 and 183 seem to be the equivalents of Nos. 175, 176 and 177, but there is here no layer 
like No. 176. 

No. 184. A vein of breccia (?) about eighteen or twenty inches wide crosses the face of a crumbling, 
greenish trap, running N. 40° E.; similar to a rock that seems to have been embraced in the vein; one-eighth of 
a wile east of Poplar river. This vein is nearly white, and is made up of calcite, thalite (?) and laumontite. 


No. 185. Laumontite and stilbite; each associated with calcite, occur in large nests in the rock, of about 
the same beds as No. 183, at three miles east of Poplar river. 
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No. 186. A little further east can be seen a very interesting instance of the manner of weathering of the 

trap beds. This is similar to what has been mentioned before, and styled globuliferous. (See figure 56 on page 
328.) The rock seems to decay to a considerable depth, and to assume a globular structure, the little globules 
being rough exteriorly, and generally about half an inch across. This cannot be due wholly to any peculiarity 
of circumstance in exposure, since here we have an opportunity to see alternations of rough and globular weath- 
ering and of smooth weathering alternating in beds one above the other, the beds being otherwise outwardly 
undistinguishable. The rough and globular layers show these characters, both near the water and also as they 
rise obliquely across the bluff, and the same is true of the smooth weathering layers. Samples show both. 

No. 187. An amygdaloid, containing amygdules of zeolitic minerals, as stilbite and mesolite, as well as 
delessite. Some of the crystalline nests are large, the mesolite appearing agate-like. Some of the mesolite 
is of the variety lintonite. This is at Eclipse beach. ) 

No. 188. A greenish doleryte that weathers softer, slippery and smooth. It occurs suddenly at first, on 
a point running northeast (Eclipse beach), and enclosing a little bay, being a bed of overflow of igneous rock. 
It embraces corrugated surfaces, like those seen at Temperance river, especially at points a little further east, 
where it becomes closely associated with No. 187, which it overlies. It seems to embrace parts of No. 187, and 
then to take its place. The corrugated areas are small, the wrinkles curving, and being in various directions, 
sometimes like an inverted basin. (The equivalent to No. 623.) 

With various unimportant alternations between Nos. 187 and 188, or rock undistinguishable from them, 
but with a dip toward the lake of 8° to 15°, the coast continues rocky from the last point to Cariboo point (some- 
times styled Black point), and generally low, with only occasionally a bluff rising ten or fifteen feet. At Spruce 
river a high bluff rises along the right bank near the mouth. (See figure 58.) 
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FIG. 58. POINT AND BLUFF WEST OF SPRUCE RIVER. 


No. 189. Cariboo point, S. W. 14 sec. 11, T. 60-2 W. The rock of the point is represented by this number, 
and is of the same horizon as No. 188. On the east side of the point this rock is basaltic radiatingly, and shows 
a thickness of eight to twelve feet.” The basaltic columns gradually give way to a bedded stricture toward the 
north. In some places it is fine-textured, especially near the top, and there shows the corrugations of surface 
that has been supposed to be old lava crusts; but generally these are smoother than those seen at Temperance 
river. This dips toward the lake at an angle of about 10° and lies on the next. 

No. 190. A brownish-red sandstone, or shale, so fragile as to fall to pieces by handling; within the bay 
enclosed by Cariboo point. This has a cross-lamination, and toward its Junction with No. 189 is much less 
siliceous, and more aluminous for a thickness of about twelve feet. Its dip causes it to disappear, and its fragile 
character to become covered, within four rods of its first appearance, under No. 189. It reappears slightly about 
fifteen rods within the bay, having the same dip. Then, for a little more than a quarter of a mile, the coast is 
low and only pebbly. Beyond that, however, the shore shows the same rock again as on the west of Cariboo 
point, though at first appearing more brecciated or conglomeratic. This sandstone layer (No. 190) is doubtless 
the same, or very nearly on the same horizon, as some of the laumontitic amygdaloids so frequently seen further 
west, the conditions of metamorphism at this place not having been such as to generate zeolites. It is 
plain that not much heat accompanied the overflow of No. 189, as it seems not to have affected No. 190, the tran- 
sition being abrupt from one to the other. 

No. 191. The rock which first appears on the east of Cariboo bay continues to Cascade river, forming a 
line of low coast. This number represents it at Cascade river. It there overlies the next. 

No. 192. A reddish-brown amygdaloidal, finer-grained rock than No.191; forms a low outcrop on the right 
bank, near the mouth. 

Trap-rock, like No. 191, occupies the coast, without any intermixture of amygdaloid, forming a low, dark, 
coast-line to the point half way between Cascade river and the point on the west of Good Harbor bay. At this 
midway point No. 191 is broken into, allowing the formation of a deep bay (Lover's bay), while its direction near 
the lake level can be seen in a small island east of the point. Under No. 191, within this bay, are beds of less 
firm rocks which, by the erosion of the lake, cause the destruction of the overlying beds, which, as the dip rises, 
make the topof the bluff at the head of the bay, rising fifty or sixty feet. This bed is greenish black and contains 
mesolite; sometimes basaltic and sometimes bedded, with a few spots of enclosed reddish amygdaloid. In 
other places the doleryte itself, more compact and of a reddish-brown color in patches, as if brecciated or irreg- 
ularly cooled, shows lava-crusts and included angular and rounded masses. In these places the surfaces are 
firm, rough and many jointed. In other parts the dark green color returns, and the rock weathers smooth 
under friction, but in the weather only it crumbles. A lower bed of amygdaloidal trap, with purgatories, gener- 
ally low, but rising near Terrace point to eighteen or twenty-five feet in hight, extends from Lover's bay to 
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Good Harbor bay. Near Terrace point it presents mych the character and confused composition as seen at 
Lover’s bay, being reddish-brown and brecciated, the top being more dark and firm, like a true doleryte, and 
containing mesolite, ete. 

No. 193. This is from the very point, which sharply encloses Good Harbor bay; a green-weathering 
doleryte, containing thomsonite and mesolite (V. No. 535). This dips conspicuously, and overlies a brown sand- 
stone, or shale, which also dips toward the lake and runs 1,400 feet along the shore. 

No. 194. Brown sandstone, from (:ood Harbor bay; aluminous; by making measurement along the beach 
the outcrop is found to extend 1,400 feet, with an average dip of 8° 39’ toward the lake; by trigonometrical cal- 
culation the thickness; of the strata is ascertained to be 206.9 feet, as exposed, but the thickness must be consid 
erably more, owing to the non-exposure of rock in an interval of nearly 1,000 feet before the underlying firm beds 
appear in the beach further north. This is probably the equivalent of the sand-rock at Cariboo point, but may 


be another stratum. It is very frail, and although sometimes a little slaty, it will easily fall to pieces if taken in 
the hand. 


No. 195. Isa firm but porous amygdaloid, the pores and seams sometimes being quartz-filled and iron 
coated. From the north side of the first little creek in Good Harbor bay, underlying No. 194, but not immedi- 
ately. Very soon the shore becomes rocky with a brown, rough rock, irregularly jointed and compact, appear- 
ing like that at Two Harbor bay. This soon becomes irregularly mixed with the usual doleryte which extends 
to the second little creek, where there is a short pebbly beach. The same rocks soon return. The shore is 
rocky nearly all the way then to the point that encloses the bay in which Fall river empties. 


No. 196. From the rocky island off the point that encloses Good Harbor bay; a doleryte containing meso- 
lite; similar to, and in the line of bearing of, No. 193. 

No. 197. A reddish brown rock, closely jointed, and also breaking sharply with a conchoidal traetare: 
very rough exteriorly, 7. e., with sharp projecting angles that tear the boots, but not porous or open; forms the 
point and coast line first east of Good Harbor bay, east of No. 195. 

No. 198. After passing a little point and a bay facing east, a green weathering rock, finely jointed, and 
having an interior brown color, appears along the shore, and finally shows a basaltic structure and coarser grain 


near Fall river, where it stands out in the beach, and was illustrated in Norwood’s report 


Samples are from 
the basaltic parts. 


‘At some places the rock along here, west of Fall river, is slaty, and has a green color. Rock 


No. 198 extends to Grand Marais, generally showing its basaltic columns (figure 1 of plate KK); but along me 
beach at one point having an amygdaloidal red rock below it. 


No. 199. The same as No. 193; from the basalt at Grand Marais. Contains plagioclase, diallage, mag- 
netite, hematite, ferrite, apatite. 


No. 200. Samples of copper-bearing greenstone (gabbro), from N. W. 14 sec. 24, T. 61-1 W., up Fall river. 
This heavy-bedded rock has slickensided seams, or thin filling between layers. These seams contain much 
chloritic mineral (delessite ?), some layers of it being one-half inch thick, with stilbite closely mixed with it, and 
also small quantities of calcite; the copper occurring in the massive, hard greenstone, or doleryte, in the form of 
thin spangling sheets once or twice the thickness of paper, or even one-quarter inch thick. The sheets some- 
times embrace three or four square inches in area, This location was wrought by Johnson and Maguire in the 
summer of 1876, and the face of the rock shows perpendicularly about eighteen feet. It probably exists as a dike. 

No. 200A. Concretionary masses within No. 200, apparently having a large amount of diallage (?) with 
olivine, orthoclase (?) and a white radiated zeolite like thomsonite. These concretions are perhaps produced by the 
inclusion of fragments of No. 201 in No. 200, when the latter was in a fluid state. 

No. 201. This, which is cut by No. 209, is the palisade rock, but has fewer of the translucent crystals of 
anorthoclase than the palisades themselves. It is properly styled a porphyritic, orthoclastic felsite. Itis from the 
mine on Fall river. 

No. 202. Green, coarse doleryte, round the east point of Grand Marais; a low exposure in the coast line; 
with concretions or inclusions of a finer grain. This terminates rather abruptly on the east, somewhat like a dike 
when in contact with No. 203; but it is not basaltic, nor is the contact abrupt. Nos. 202 and 203 change colors 
gradually, and in fragments are mixed through a breccia of three or four feet wide. 

No. 203. Resembles No. 201, and is much like the Palisade rock. It furnishes pebbies for the beach 


which are strewn all along, making the beaches at Grand Marais. Dips 5° to 15° toward the lake, or by the coin- 


cidence of the coast line it appears sometimes nearly horizontal. Sometimes it resembles the siliceous gray slates 
of Beaver bay (No. 125). 


No. 203A. From a vein of laumontite in No. 203. 


Nos. 204, 205 and 206. Transition rocks in the order numbered, between Nos. 202 and 203. 

No. 207. A doleryte like No. 202 which suddenly comes in crossing the beds of No. 203, forming a little 
point in the coast. This dike is about 200 feet wide, and gives place to the beds of No. 203 again on the east. 

These run perhaps 500 feet, when another similar dike crosses them. There are six such within a mile along 
here, and some are basaltiform obliquely. They run E. 15° §. 

No. 208. This rock occurs much like a dike at first with perpendicular jointage, or basaltic structure in 
beds, but soon larger bedding, crossing these, cut it, and cause the rock to all appear bedded. This is fine- grained 
and brown, and is about twenty-five rods from the last of the dikes already mentioned. This becomes a bedded 
rock, like similar beds seen before, having sometimes the appearance of the Two Harbor rock. It slopes toward 
the water. Just beyond the mouth of the third little creek (on the Lake Survey chart) these beds become 
disturbed and brecciated and even tipped in the other direction (southwest) and are crossed by a dike of 
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doleryte like No. 207, about eighteen feet wide. Previous to this (further west) they show patches amygdaloidal; 
but just on the east of this dike there is much amygdaloid with laumontite. Just before reaching the mouth 
of the fourth creek another dike like No. 207 crosses these beds running in the same direction as those before 
seen, and throwing up the firm heavy beds of No. 208 at a high angle. This dike is basaltic perpendicular to 
these beds by being cooled by them. This last larger dike is only exposed near the water and its exact contact 
with No. 208 is invisible. It is exposed about fifty feet. | 

No. 209. This is from still another similar dike of doleryte cutting these beds or interbedded in them; the 
columns sloping obliquely inland. This is prominent and conspicuously basaltic perpendicularly to the highly 
tilted beds of No. 208. This dike or bedded trap rock runs nearly east and west, No. 208 dipping into the lake at 
an angle of about 45° in patches perhaps twenty rods, becoming less conspicuous toward the east, and at last 
disappears a few rods west of the mouth of the Devil's Track river under a low, red, pebbly beach, the pebbles 
being from No. 203, which here appears again. (See figure 1 of plate IJ.) This beach continues for a mile or 
more, occasionally allowing the exposure of the rock in place, to the southeast corner of sec. 1, T. 61-2 E., 
where appears in the midst of the shingle of the beach a different rock, viz.: 

No. 210. This is in a low exposure. It is a firm, smooth-weathering rock, with a brown color and has an 
abundant green mineral; apparently one of the igneous beds. 

No. 211. Is from the same beds as No. 210, but from the point next west of Kimball’s creek, known as 
Cow Tongue point. These beds here rise about eighteen feet, shutting in a bay that faces east. This point is 
on S. E. 14 sec. 9, and the coast is rocky, with the same rock from No. 210 to this place. 

No. 212. After a short red-pebbly beach in this bay, this number appears in low outcrop, and is the same 
red-rock as No. 203, showing here nearly a horizontal] bedding, running below No. 211. 

No. 213. From the extremity of Fish-hook point, near the centre of sec. 16, T. 61-3 E., eleven miles from 
Grand Marais. 

No, 214. Similar to No. 213. From sec. 1, T. 61-2 E., at the mouth of a little creek, west of No. 213. 

No. 215. Half a mile west of Fish-hook point. These three (Nos. 213, 214, 215) all appear to be modified 
forms of No. 203. Fish-hook point was formerly an island, but the lake has formed a continuous beach deposit 
running north, and enclosing triangularly a lagoon, as well as toward the southwest. The rock here resembles 
the rock No. 212 in mineral composition and aspect, and is probably closely associated with it, but its structure 
is different. It is fissile, but generally only horizontally so, or with an obliqueness to the real bedding, which 
dips gently toward the lake. It is firm against the hammer and against the weather, but is Hlled with old cracks 
and joints that make it almost impossible to get a fresh break. It has a red color outwardly, like the rest near 
the water, except in the joints, which are blue-black with iron-shot (as Norwood describes such): but away from 
constant wave-action it is black. It is finely porphyritic, with stellar spangles of feldspar, and with isolated 
crystals which weather nearly white. 

No. 214. Is of similar rock, but more firm and crystalline, weathering red, and having some white amyg- 
dules. This has a low, inconspicuous outcrop, like others of No. 203, running along two or three hundred feet 
and dipping a little south of east. No. 215 is from a little point within the broad bay, nearly on the west side of 
the same section, where it rises about six feet, and, running along the beach three or four hundred feet, weathers 
red, like the rest, furnishing some of the beach pebbles of that color. In the lake opposite Nos. 214 and 215 can 
be seen a basaltic rock off shore, which does not appear on the beach and may be the extension of Nos. 210 and 
211 forming Cow Tongue point. 

No. 216. Is a greenish-brown rock with curling internal structure, containing quartz and amethystine 
nests, from the westerly of the two little points west of Brulé river, and before reaching either island, where a 
little stream enters the lake. It is a short outcrop rising about five feet in the midst of a red beach. This is an 
igneous rock; and the next point is of the same, also the little island off it, which is in the line of bearing. 

No, 217. In the midst of a red beach, extending from the last point, is an occasional exposure of this red 
rock, which within is brownish-red, fine-grained, and has the same purplish quartz (?) as noted in No. 216, in 
round amygdules, yet is plainly different from No. 216. This is a conspicuous outcrop within the bay between 
two streams. The strike of the trap (No. 216) can be seen under the water of the bay. 

No. 218. The rock of the point, near the Brulé river, off which lie the principal islands. This is a brown, 
conchoidally fracturing rock, fine-grained or crypto-crystalline, with small quartz-lined geodes, weathering rough- 
angular, and black when not under friction. Back from the line of friction, on the beach, old weathered surfaces 
are brick-red. This is very similar to No. 217. 

No. 219. A little beyond the last locality, and just as the rock disappears again, it suddenly becomes slaty 
or closely-jointed and laminated, dipping S. 10° E., and more enduring. In this condition it forms some of the 
islands near the beach, and also rises fifty or more feet near the coast back from the water. This is fine-grained and 
nearly black, hard and tough. The rock of the main island, further out, containing a few stunted trees, is more 
like No. 218. 

These beds seem to have been disturbed by some upheayal, and appear in all respects like those of No. 
208, though not so conspicuously exposed. The doleryte dike that might here be supposed on the north of this 
disturbance cannot be seen. The point at the north of the little stream west of the Brulé, and the little island 
there, are of the same rock as the last. 

No. 220. Between these islands and the mouth of the Brulé at a little dull point is a bluish gray rock, 
weathering green, fine-grained and hard. The outcrop is rather closely jointed and in some spots it is reddish 


23 


304 THE GEOLOGY OF MINNESOTA. 


(The lake Superior shore. 


brown. This rises about six feet, but only runs five or six rods. The beach to the west of this is mainly of a 
red color, but has blue pebbles also from this rock. At this place the blue and red are about equally common, 
but the red gradually disappear in going east (V. No. 539). 

No. 221. A short distance east of the Brulé (perhaps twenty rods) is a coarser rock resembling gabbro, 
which is heavy and crystalline. This is not certainly a dike, but it may be, its form and extent not being visible. 

No. 222. The last seems to overlie, or to pass into, this. This weathers into a green color, but sparkles 
all over with what at first appears like mica, but in other respects it is like the last, becoming coarsely laminated 
when weathered. A little further east these two rocks (Nos. 221 and 222) can be seen in a bluff rising about 
fifteen feet, the latter being under the former. This rock continues, with increase of the characters of No. 221, 
and forms two or three little points within a mile east of the Bruld, rising sometimes fifteen or twenty-five feet. 
The intervening bays are occupied by large, rounded boulders of the same, with little rock exposure in them, or 
they are pebbly. . 

No. 223. The rock of the last continues to the high, round point four miles east of the Brulé, and then 
becomes basaltic on the side facing Sickle bay, rising about thirty feet perpendicular from the water; the inter- 
vening coast being low, sometimes exhibiting the coarse dark beds of this rock, but not becoming basaltic(V. No. 540,) 

No. 224. Horseshoe bay has a similar basaltic coast line on the west side, rising about sixty feet. West 
of it are short stony beaches, the strike of the exposed rock being a little further back. Double bay, next 
east of Horseshoe bay, has a rocky point, dividing it into two parts, and this rock is from this point. The 
western half of this bay is without rock on the beach, but the hills back rise several hundred feet, having the 
same rock as the last. This is a fine-grained, metamorphic, brown rock, which is somewhat basaltic like trap, 
and also rudely bedded. 

No. 225. On the most easterly point of Double bay is a crystalline rock which seems to embrace the min- 
erals derived from the sedimentaries mingled with igneous rock material, all coarsely crystalline (V. No. 5). 

No. 226. Is from an isolated dike-like exposure on the beach in the next shallow bay. It is a brown or 
reddish-brown compact rock, finely porphyritic, closely jointed and basaltic, like No. 203. 

No. 227. Along the west side of the ridge, or spur (No. 226), is a narrow bed or dike of fine, blue-gray rock, 
sparingly porphyritic with red feldspar, less enduring than the rock of No. 226. It is nearly invisible. It is 
narrow, and its line of bearing becomes confused, or blends with the rock of No. 226, being, perhaps, a modified 
form only of No. 226, due to different influence in upheaval, or to unseen contact with the accompanying igneous 
rock. ‘This outcrop is between the first and second creeks in this broad bay. 

On the little point between the second and third creeks is a low exposure of rock that resembles No. 223, 
mainly broken into boulders. Also, a small isolated outcrop is just east of the third creek. Otherwise this 
bay has a pebbly beach. But the broad point that separates it from: Cannon Ball bay (similar to Horseshoe 
bay) has a low, rocky beach of the same rock as the last mentioned, viz.: 

No. 228. A heavy-bedded, coarse-grained doleryte (V. No. 540). The east side of this bay is made of the 
same rock; also, the east point; also, the island east of it, the coast being rocky and low, or rising from six to ten 
feet, basaltic. The next island, and the coast along, especially the points of the coast, are of the same. It rises 
into basaltic, coarse beds in a sharp point on the west side of Red-rock bay, succeeded suddenly by a red, pebbly 
beach within the bay, strongly contrasting with the dark green or black color which it suddenly replaces (No. 230). 

No. 229. Doleryte, like No, 228; from Red-rock bay, west of the red rock, outcropping in the midst of 4 
red, pebbly beach; runs under the eastern Palisades. 

No. 230. Red rock from Red-rock bay. This resembles, or is exactly the same as, the Palisade rock. It 
is porphyritic, with flesh-red feldspar, and with translucent crystals that are prevailingly quartz, but are 
sometimes quadrangular in section, sometimes square, and have a perfect cleavage. The manner of exposure 
is considerably like that of No. 226, in a little bay west of this place. This rock has an imperfectly and finely 
basaltic structure, the joints being two to four inches apart. The relations of the doleryte to this cannot be 
distinctly seen, but that rock can be seen to the west in the beach, and probably passes below this. This is 
the rock known as the eastern Palisades (V. No. 620). 

No. 231. From a dike of basaltic doleryte a short distance east of the mouth of the Red-rock creek. This 
dike runs east and west, and is horizontally columnar. It cuts the rock of No. 230, and varies from fifty to sixty 
feet wide. It is fine-grained, blue-black, and weathers greenish. It embraces patches of the red rock. 

No. 232. The tirst rock that appears in the pebbly beach east of the rock of Red point, near a dike; 4 
brownish-red metamorphic compact rock, sometimes with amygdules of a white mineral, coated with green; 


apparently underlies No. 230: resembles some of the compact brown rocks seen at Duluth and at many inter- 
mediate points. 
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Pebbly Beach 
FIG. 59. REDROCK POINT, FROM THREE-FOURTHR MILE EAST. 


At Red point, which encloses a deep little bay facing east, and which is high and rocky, with No. 230, 
another dike of the same kind as No. 231 crosses No. 230. It is about twenty-five feet wide. No. 230 dips into 
the lake here at an angle of 6° to 10°. It is suddenly discontinued in the bite of this bay, the bluff running 1n- 
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land about twenty feet high, the beach being of red pebbles. Just east of this bay are two or three other dikes 
of the same kind, and several islands formed by them; also some sharp, narrow points. 

No. 233. From a dike, near No. 232, twenty-one feet wide, horizontally columnar, running north 15° east 
and projecting into the bay seventy-five to ninety feet, of a blue-black color. 

No. 234. From a dike eighteen feet wide, running east and west, “hading” a little to the south, cross- 
columnar, cotemporary and blending with the dike No. 233, the structure of the two running together; of a 
brownish-black color. This rock is like a melaphyre, but No. 233 is not. 

No. 235. A rock similar to No. 232, cut by the dikes, having a slaty structure without any dikes; 
forms the beach next north of the dike No. 234 which is out in the water. 

No. 236. From a dike twenty-one feet wide; a fine-grained, black basalt, running out into the lake about 
250 feet, but often in the form of islands that occur a little out of line. The basaltic structure of this is very 
irregular. In some places it is fine and in others it is coarse; runs N. 15° W., being intersected by the dike 
No. 234, apparently in the same manner as No. 233. 2 

No. 237. Is from a curious isolated mound of brown and firm rock, standing between the beach and 
the lake, a short distance east of the dike No. 236. It is curvingly bedded and laminated; rises eighteen feet and 
extends eighteen feet on the beach, shaped like a haystack. It has a reddish-brown color. Its manner of 
occurrence is like that of the rock No. 226. 

No. 238. Is from a curving, slaty condition of the same rock, rising ten feet: there is much confusion and 
twisting of the slaty or laminated beds, the whole formation being broken up. Nos. 237 and 238 continue east 
about half a mile, and gradually become more dense, or non-slaty, yet fissile, hard and angular, crossed by sev- 
eral smaller dikes running east and west, or southeast and northwest. 

No. 239. Shows the condition of the same beds in process of this change. Here also are slaty spots, also 
compact firm spots, but instead of red the general color is brown, weathering faint-red in the old joints when 
freshly separated. 

No. 240. A reddish-brown, fine-grained rock, breaking conchoidally, but a further weathered condition 
of No. 235, 

No. 241. Becoming black, and almost undistinguishable from fine hasalt. 

No. 242. Next appears a dike about 100 feet wide, cutting these beds, running nearly east and west. 
This seems to have spread largely, at least in its effects, on either side, and the adjoining rock appears like basalt, 
but still seems to be only a changed condition of No, 235, ° 

Nos. 232 and 235, and their moditications, run under No. 230. There are spots in No, 235 that appear like 
the aluminous mud-spots seen in No. 194. 

The alternating phases of Nos. 239, 240 and 241 continue, with occasional dikes, or overflows of rock like 
No. 242 to Deronda bay, appearing like the Two Harbor rock. 

No. 243. From the west point of Deronda bay: a fine-grained, hard, nearly black homogeneous rock, of 
doubtful origin; probably one of the forms of the rock No. 235, etc. It is rather bedded, but not basaltic, and 
lies on an amgdaloid, viz.: 

No. 244. A reddish-brown amygdaloid, with green amygdules irregularly passing into 

No. 245. Which is of the same color but has nests of a lighter mineral, and is mainly a non-amygdaloidal 
rock. Just west of the west point of Deronda bay is an island of basalt, near the shore, mainly made up of rock 
like No. 242, in an arched position, the waves having eaten under the arch into the softer beds, producing a 
natural bridge. The head of Deronda bay has a pebbly beach, but the east side is rocky, with a dike that 
“hades” to the south and is thirty feet wide, running nearly east and west, and cutting rock like Nos. 244 and 245 
(or Nos. 246 and 247), there weathering out as purgatories, and lying nearly horizontal. 

No. 246. About three-quarters of a mile east of Deronda bay, at the mouth of another little creek, isa bluff of 
rock made up of Nos. 246 and 247, but running but a short distance. No. 246 is soft and green with considerable 
prochlorite (?). The lower ten feet of this are somewhat amygdaloidal with calcite and quartz, coated with 
green, but the upper ten feet are massive or heavily bedded, but breaking easily into sheets; overlies the next. 

No. 247. Amygdaloid; rock like the last but having a more amygdaloidal character. 

No. 246A. Calcite, saccharoidal and flesh-colored from No. 246. These beds dip south about 12°, East 
of Deronda bay the second little sharp point is caused by rock like No. 246 dipping south, rising ten feet. The 
third little point, which occurs after a pebbly beach of half a mile, is produced by a wide doloryte dike running 
E. 10° 8S. 

No. 248. Is from this dike, which has an indefinite width, at least 200 feet. This rock is porphyritic, hard 
and massive. On the north side its contact is a tine basalt, and the adjoining rock is an amygdaloid, but only 
about six feet of the amygdaloid is here. It lies along the dike as if it belonged to it (V. No, 1855). 

No. 249. Amygdaloid adjoining No. 248. 

No. 250. The west point enclosing Grand Portage bay is low, but has a rocky beach consisting of alternate 
layers of basalt and amygdaloid rising but little above the water. 

No. 251. Underlying No. 250; an amygdaloid of a greenish color. These beds (Nos. 250 and 251) dip south 
at a low angle and do not extend into the bay. They apparently form the coast line between Grand Portage bay 
and Deronda bay, there being but little outcrop with a low shore between these places. The west side of Grand 
Portage bay shows no rock. It is low, the timber growing nearly down to the water.* 


*For a description of the lake shore at Grand Portage bay and Pigeon point see the chapter on the Pigeon Point plate. 
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The drift. The drift deposits of Cook county have not been studied in great detail, 
and it will be posssible to present here no more than a general outline of these deposits 
and the glacial history of this region. In the district along the immediate shore of 
lake Superior, and in that along the international boundary west of South Fowl lake, 
extending on the west as far south as Brulé lake, the drift is comparatively thin 
and rock exposures are abundant. South of the international boundary district as 
far as the top of the steep slope leading to lake Superior, the rocks are more heavily 
covered by drift, whose maximum and whose average thickness is not known. 


Glacial stric. 


N. W. 14 sec. 27. T. 65-2 W., north shore of lake Louise, - : s ¢ south 16° W. 
S. E. 14 sec. 28, T. 65-2 W., north shore of lake Emma, - : - - south 7° W. 
N. W. 14 sec. 35, T. 65-2 W., north shore of No-name lake, : 3 - south 2° W. 
S. W. 14 sec. 10, T. 63 3 W., reef in Brulé lake, : - 4 - south 18° W. 
S. E. 14 sec. 20, T. 65-4 W., north shore of a small lake, - - - - - south 4° KE. 


“On the rock which forms the outer part of Grand Marais harbor are numerous parallel glacier striz and 
grooves from a few feet to fifty feet in length. There are two sets of these strix, which cross each other at a 
small angle. The more prominent and numerous striations run about west, the other set bears south of west. 
In a number of places west of Grand Marais are found stri# which run west, or a little south of west. South 
of the Pigeon river all striations run westerly.” * 


Lately evidence has been accumulating to show that the northeastern part of 
Minnesota was covered by two glaciers or two glacial lobes moving in different 
directions. One of these occupied the lake Superior basin and moved toward the 
southwest, while the other occupied the country to the north and moved in a more 
southerly direction. The ice from these two directions was confluent in the maxi- 
mum extent of glaciation, but during the retreat the two lobes formed between 
them a re-entrant angle north of lake Superior, and the northern lobe retreated 
more rapidly than the other. Thus, while the lake Superior basin, or part of it, was 
occupied by ice, to the north was a district which was free from ice. The width of 


this district is unknown, but it was wider towards the west than towards the east. 


This district was probably angular in shape (the apex of the angle pointing 
towards the east), and it increased in size by the apex traveling eastwardly and its 
two sides southerly and northerly respectively. It is quite probable that the north- 
ern side traveled much more rapidly than the southern side.+ 


During the retreat of the ice each of these lobes formed moraines. These 
moraines are as follows, according to the descriptions and mapping of Dr. A. H. 
Elftman.t The Highland moraine, formed along the northern border of the lake 
Superior ice-lobe, runs northeasterly approximately parallel to, and several miles 


*A. H. ELKTMAN. Amer. Geol., vol. xxi, p. 100. 


+ This interpretation of the history of the closing stages of the Pleistocene in this district has been stated more or lesa inde- 
pendently by several geologists, each one contributing certain facts independently of the others. Those chiefly instrumental in 
bringing forward the interpretation outlined above are: 

J.E. Topp. Paper presented before the Geological Society of America, in August, 1896; Amer. Geol., vol. xviii, pp. 25, 2B 
October, 1806; Amer. Jour, Sci, ser. 4, vol. vi, pp. 46477, December, 1408. 

A.H. EvrtMan. Paper presented before the Minnesota Academy of Natural Sciences, early in 1897; Amer. Geol., vol. xxi, 
pp. 90-100, February, 1808. 

N. H. WINCHELL. Paper presented before the Minnesota Academy of Natural Science, early in 1807; chapters on Carlton 
county and the Carlton plate in this volume. ; 

F.B. TAYLOR. Amer. Geol., vol. xx, pp. 111-128, August, 1397, 

t Amer. Geol., vol. xxi, pp. 90-109, pl. 11, February, 189s, 
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distant from, the lake shore, The Itasca moraine, formed by the northern ice-lobe, 
has in Lake county a more easterly direction, and, before leaving that county, it 
unites with the Highland moraine. East of the union of these moraines a single 
prominent moraine (termed the Itasca-Highland) continues through Cook county, 
entering this county in T. 60-5 W. This united moraine has its northern and 
southern boundaries sharply marked. It averages three miles in width and forms 
the highest land within the first fifteen to thirty miles north of lake Superior. It is 
well defined around the lakes at the head of Poplar river in T. 61-3 W.; from the 
Cascade river in the southeastern part of T. 62-2 W. to Devil Track lake, which lies 
in the midst of this moraine; in the southern part of T. 62-1 E.; and in secs. 20 and 
21, T. 64-4 E., where it crosses the Pigeon river. The courses of the Mesabi and 
Vermilion moraines, formed by the northern ice, are less satisfactonly known. The 
first is thought to enter Cook county in T. 62-5 W. and to run northeasterly past 
the southern side of Hungry Jack lake in T. 64-1 W., and to enter Canadian terri- 
tory at the west end of Rove lake. The Vermilion moraine is thought to enter Cook 
county north of Little Saganaga lake in T. 64-5 W., and to cross the international 
boundary near the west end of Gunflint lake. 

In connection with the retreat of the two lobes of the ice sheet, it is very evident 
that a number of glacial lakes, of longer or shorter duration and larger or smaller 
size, would be formed, first by the obstruction of the westward and northward flowing 
streams by the northern ice-lobe, and second by the obstruction of the eastward and 
southward flowing streams by the ice-lobe in the lake Superior basin. Such lakes 
have been described in Lake and St. Louis counties, and, when this manuscript was 
first written, the writer called attention to the evidence forsuch a lake in the Pigeon 
River valley. Since then this lake has been described as follows: * 


Lake Omimt. Before the ice had receded beyond mount Josephine it retained a lake of about forty square 
miles in area, lying in the upper valley of the present Pigeon river. The lake bed has an altitude of 1,255 to 1,360 
feet above the sea. Its lowest point is thus about fifty feet higher than the upper stage of lake Duluth. The 
chief deposits consist of stratitied clay, exposed along the Pigeon river and its tributaries. Beaches have, as yet, 
not been identitied. The western shores of this lake were formed by high rock ridges. The ice-barrier, during 
the largest extent of the lake, stood in the vicinity of the western end of the Grand Portage trail. The outlet, 
which has not been definitely located, was most probably toward the southeast, and closely connected with the 
ice-barrier, which, upon receding, continually uncovered lower ground. This lake, in part, occupied a portion of 
the area previously occupied by the northern ice-lobe. When the ice receded from the vicinity of Grand Portage 
lake Omimi disappeared. The name Omimi is taken from the Chippewa name for Pigeon river. 


As Cook county becomes more settled and the land is cleared, it is probable 
that the shore lines and deposits of other ice-dammed lakes will be found. 

Two interesting kames+ have been noted in Cook county. One is on the inter- 
national boundary portage between Rove and Rose lakes, but nearer the former. 
The portage trail runs on the top of this kame for a distance of fifteen or twenty 


6 


*A. H. ELFTMAN, Op. cit., p. 104. 
_tIn conformity with the earlier reports of this survey the ridges here mentioned are designated as kames. As the term 
esker is now used, these ridges would be called eskers, 
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rods. The ridge is steep on both sides and over fifty feet high in places. It runs 
rudely parallel with the valley in which the trail hes.* The other kame is in T. 62-1 
W., one or two miles west of Devil Track lake. This is a narrow ridge over a mile 
long and fifty feet high above the land on either side. It 1s composed of fine gravel 
and sand, with a few large boulders.t+ 

Abandoned beaches on the north shore of luke Superior. All along the lake Superior 
shore, above the present level of the lake, the characteristic features of shore lines 
are found. These present the characters of the present shore except where obscured 
by vegetation or erosion. These old shore lines were formed when the water was 
many feet higher than at present, and they can be seen extending as parallel lines 
along the hill slopes. These old beaches range in hight from a few feet above the 
present storm beaches to 607 feet at mount Josephine. In some places, as at Waus- 
waugoning bay, a beach (here forty-three feet above the present level of the lake) 1s 
almost as fresh and distinct as the beach of the last storm. At this place another 
one, seventy-six feet above the lake, is also very distinct (see figure 1 of plate JJ). 
Below are given descriptions of some of these abandoned beaches in Cook county.t 


Carlton peak. From the vicinity of the Sawteeth to Carlton peak fairly definite suggestions of two, and 
in some cases more than two, terraces are obtained by an inspection of the coast from the lake. The country is, 
however, heavily timbered, and experience proves it to be impracticable to locate them within a reasonable time 
by crawling through the jungle. On the slope from Carlton peak to the shore the timber has been burnt, and 
by hard scrambling through the windfall it was possible to reach the terraces and ascertain their elevations 
approximately by aneroid observations. The tigures obtained by this means were 80 and 125 feet, respectively, 
above the lake, for the rear parts of two very gently sloping terraces that have been cut in a broad embankment 
of soft material which must have accumulated at still higher stages of the lake. The precise registration of 
these higher stages was not observed, but the conditions of examination were unfavorable, and it is probable 
that higher terraces on the flanks of Carlton peak will be found. 

Poplar river (Lutsen). The Poplar river cuts through a broad embankment of sand, gravel, etc., which 
mantles the rocky slope of this part of the coast for many miles. The front of the embankment overlooking the 
lake descends rapidly to the present shore by a succession of cliffs and cut-terraces which have been carved out 
of the main embankment at various successively lower stages of the water subsequent to that at which it was 
accumulated. 

The brink of the main embankment is about 116 feet above the lake, and from this point its upper slope 
rises very gently landward for nearly two miles to an elevation of about 300 feet, where it abuts sharply against 
a steep range of a gabbro. The general character of the topography and the underlying structure is analogous 
to that described at Beaver bay, where a broad gently-sloping terrace of incoherent material abuts on precipitous 
rocky hills at an elevation of about 314 feet. The rear of this broad terrace at Poplar river was only ascertained 
very approximately by an aneroid observation, so that the figures are not incorporated with the more precise 
data of the table. The wooded character of the country practically prevented precise observations at points 
distant from the shore without an expenditure of time, labor and money, which would have been inconsistent 
with the modest plan of our operations. Although the newer terraces carved in the front of this main embank- 
ment face the open lake, they are in the immediate vicinity of the mouth of the stream, and the stream currents 
have doubtless played an important part in the development of the terraces, supplying and removing detritus 
contemporaneously with the cutting action of the waves. The terraces and cliffs are all remarkably sharp in 
cross profile. The terraces are narrow and vary but little from horizontal. The angle of slope of cliffs was care- 
fully measured and three were found to have a declivity of 28°, two of 27°, and one (the lowest) of 32°. 


*N.H. WINCHELL, Vinth Annual Report, pp. 79, 80. 

+A. H. ELETMAN. Asner. Geol., vol. xxi, p. 76. 

1 From “Sketch of the coastal topography of the north side of lake Superior, with special reference to the abandoned 
strands of lake Warren,” by A.C. LAWSON: Twentieth tannval Report, pp. 181-2388, pls. 7-12, 1888. 

The questions which centre about these abandoned beaches—such as the names and areas of the bodies of water which 
formed them, the causes of these bodies of water, and the differential elevation that these beaches have suffcred—are questions of 
far greater import than can be discussed here in the description of Cook county. These beaches have been described and questions 
concerning them have been discussed by A. C. LAWSON, F. B. TAYLOR, WARREN UpHaM, N. H. WINCHELL and others; much is 
yet to be known concerning these beaches and the questions that centre about them. Compare, also, G. K. GILBERT: “Recent 
earth movements in the Great Lakes region,” Kightecnth Annual Report UL §. Geol. Survey, pt. 2, pp. 505-647, pL 105, 1888. 
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Fic. 1. ABANDONED BEACH, SEVENTY-SIX FEET ABOVE THE PRESENT WATER LEVEL, 


WAUSWAUGONING Bay, NORTH SHORE OF LAKE SUPERIOR. (pp. 338, 343.) 


Fic. 2. TERRACES AT LUTSEN, MOUTH OF POPLAR RIVER, NORTH SHORE OF LAKE 


SUPERIOR. (p. 338.) 
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Poplar river.) 


The lowest terrace of the series is a wave-built terrace, and is only 6.9 feet above the level of the lake at its 
rear, where the tishermen’'s boat-houses stand. Towards the lake it grades into the present shore. The higher 
terraces have none of the characters of wave-built structures so far as can be discerned. At the summit of this 
series of terraces and cliffs, Just at the limit of the main embankment, is a beach-like ridge with somewhat 
lower ground behind it and a series of minor, successively lower, parallel ridges on its gentle lakeward slope. 
This ridge is interpreted to be a barrier beach developed at a favorable stage of the emergence of the coast. The 
accompanying cross profile was plotted to scale in the field from precise measurements. 


tee 
se > a 
> e- Profile at mouth of Poplar River 
bal) 
= Seale,Vertical and Horizontal,tin=10o0ft. 


Levelt of Lake Superior 


FIG. #0. PROFILE AT MOUTA OF POPLAR RIVER. 


On the east side of the mouth of Poplar river only three distinct strand lines have been registered on the 
front of the main embankment. These are,a well-formed wave-cut terrace facing the lake at an elevation of 78.4 
feet: a less distinct terrace, which is seen, in vertical section, where the river gorge cuts it, to be composed of 
stratified gravels, the elevation of its summit being 99.6 feet; and again a heach-like ridge, the highest line on 
the front of the embankment, at 116 feet. The terraces at the mouth of Poplar river are shown in plate JJ, 
figure 2. 

Coast east of Poplar river, East of Poplar river two terraces are observed “to follow the shore more or 
less continuously for some miles. Both are covered with timber, but as they are low and not usually distant 
from the shore, their topographic character is not obscured beyond recognition. Both are wave-cut terraces and 
have been carved out of a primary embankment which mantles the rocky slopes of the coast. These terraces 
were found to be susceptible of partial measurement at a fishermen's clearing about two miles from Poplar 
river. Here the brink of the lower terrace is 14.5 feet above the lake, the front limit being a steep sea-cliff 
rising from the present shore. The terrace is 150 feet wide and at its rear has an elevation of 17.8 feet, thus 
exhibiting a slope of about 2 in 100. From the rear of this terrace another sea-cliff rises with a slope of 37°, and 
the brink of the second terrace is 37.5 feet above the lake. The terrace runs back under the beach apparently 
nearly flat. The elevation of its rear portion was estimated to be six feet higher than its brink, thus making the 
shore line about 43.5 feet above the lake. The low sea-clitf which rises above the present shore and limits the 
lower terrace lakeward is rather a striking feature of this part of the shore, being a vertical scarp of the old 
embankment material resting upon rock varied in places by shorter stretches in which the cliff is wholly rock or 
wholly embankment gravel. 

Good Harbor bay. The next locality along the coast where the ancient strand lines are sufficiently 
recognizable to be measured is at Good Harbor bay, The bay is open to the east and northeast and presents on 
the maps but a small jog in the generally uniform trend of the shore. The west side of the bay is overhung by 
a sea-cliff of very slightly inclined beds of red and brown shales and shaly sandstone, which rises vertically to 
a hight of fifteen feet. Between the base of the cliff and the shore line there is a narrow and low beach of 
shingle derived chiefly from the cliff. Above this sea-cliff there is a terrace about 100 feet wide and twenty feet 
high at its rear, which is thickly strewn with shingle. Immediately above this, with a low cliff between, is 
another terrace twenty-five feet wide and 27.2 feet high at its rear,and also cut out of shingle and gravel. A third 
sea-cliff cut out of irregularly stratitied gravels and sands of a primary embankment rises above this for about 
fifty feet. Above the summit of the cliff the ground rises gently in a rolling succession of beach-like ridges for 
several hundred feet horizontally and then grades into a distinct terrace abutting against the higher slopes of 
the hill at an elevation of 115.3 feet. 

Grand Marais. The pinkish acid voleanic rocks of the vicinity of Grand Marais have by their mechan- 
ica] disintegration along the sea-cliffs afforded an abundance of shingle and gravel with which the waves have 
banked up a fine series of beaches. These have been arranged in parallel ridges in the form of a beautifully dis- 
tinct and typical wave-built terrace. Ags this terrace encroached upon the area of the lake the space between 
the shore and the rocky island upon which the lighthouse stands was spanned by a spit, and the construction of 
the terrace was limited to the northeast side of the resulting bar, since the latter closed in a bay, the only 
entrance to which is by a deep channel between rocky points through which no shore drift could enter (see 
plate HH, figure 4). Within the bay at Grand Marais the wave action has been restricted, for lack of supply of 
new material, to working over the old material brought there before the bar was established; and its effect has 
been doubtless to extend the size of the bay and render it shallow. Within the bay the crest of the living beach 
has an altitude of 5.5 feet and is twenty-three feet distant from the water. Parallel to this and sixty-five feet 
farther inland across an intervening hollow is an old beach, the crest of which is 6.1 feet above the lake. Behind 
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this is again a hollow, and bevond the ground rises in two low steps to culminate in a third distinct and bare 
beach-crest at a distance 105 feet from the second. The altitude of this third beach is 12.1 feet. This is again 
followed landward by a parallel hollow, and again the ground rises (all bare shingle and gravel) in two low steps, 
each about twenty-five feet broad, the higher of which is 17.5 feet at its edge. Neither of these steps is taken to 
mark a definite stage of the water. The upper of these steps grades intoa gently sloping wave-cut terrace 260 feet 
wide and 29.1 feet high at its rear. Thus from the back of this terrace to the present shore there appears to 
have been no sudden drop in the level of the lake. but a gradual recession of the water. At this stage the waves 
were cutting a terrace out of a pre-existent embankment of shingle and gravel. As the water sank, the supply of 
drift from neighboring cliffs seems to have increased so that terrace-cutting gave way to terrace-building. The 
particular section selected for measurement shows the wave-built terrace at its narrowest part. Farther east it 
is many times broader. 

Along the line of examination the cutting action which produced the terrace of the strand had eaten back 
into an embankment of shingle to the line of a beach of a former higher stage of the lake. For at the rear of 
the terrace a low sea-cliff of shingle rises with a slope of 28°, and this slope is nearly coincident with the front 
slope of a very distinct shingle beach with a hollow behind it, the crest of which is 43.6 feet above the Jake. 
Above the level of this beach, the slope of the hill rises gently with an undulating profile, and presents a surface 
of gravel obscured by forest loam and shrubbery. In this vaguely undulating profile which was plotted toa 
large scale with great care, in the field, only two shore lines are distinctly registered, viz.: one at an elevation of 
55.9 feet, in the form of a terrace twenty-six feet wide,and another at 113.5 feet, where the last of the gravel was 
observed. 

Less than half a mile farther west, however, two still higher strand lines were observed and their alti- 
tudes measured. The lower of these is a terrace 127.3 feet high, which is well seen from a distance towards eve- 
ning, but which is less apparent at close quarters. The higher is a distinct but not an extensive gravel terrace 
encircling low glaciated domes of rock at an elevation of 162.6 feet. This upper terrace is nearly on a level with 
the lower part of the bold bluff which overlooks Grand Marais on its southwest side. This bluff presents vertical 
walls from twenty to fifty feet high and was a sea-cliff when the water stood at the 162.6-foot level. On the east 
side of Grand Marais village a trail goes up over the hill. This was. followed to the summit of the pass, about 
70 feet above the lake, in search of higher strand lines. But, although the trail passes almost continuously 
over morainic accumulations, no trace of a shore line was observed at levels higher than that last recorded. 

Kimballs ereek, From Grand Marais eastward a low terrace, corresponding to the 29.1 feet terrace at 
Grand Marais, may be observed for several miles along the coast as far as Cow-tongue point. Higher traces of 
shore lines are doubtless present, but they are utterly obscured by the jungle. At the bottom of the bay below 
Cow-tongue point three terraces are observable from the lake, but only two of these could be located. The third 
eluded our search, although it must have been covered by us in our excursion in quest of it near Kimball’s creek; 
and the second was difficult to locate with precision on account of the lack of contrast between its slope and that 
of a pre-existent slope of rock in which no clit? had been carved. This terrace has a measured minimum eleva- 
tion of 80.1 feet, and its maximum is within two or three feet of this figure. It is evidently neither a wave-cut 
nor a Wave-built terrace, but might be classed as a current-built terrace. Below this is a flat clearing on which 
stands a halfbreed’s house. The flat is the first of the three terraces referred to. At its rear it is 28.5 feet high, 
and above it rises a steeply inclined sea-cliff carved out of the primary embankment, whose upper surface consti- 
tutes the second terrace. Farther along the shore this terrace is again seen about a mile below Fish-hook point, 
and again below the mouth of Brulé river, where it is being cut into by the wave-action so as to present the scarp 
of a sea-cliff rising above the existing shore. 

Horseshoe bay. At the bottom of Horseshoe bay there is a very remarkable and striking series of three 
‘beautifully developed beaches. The bay, as its name implies, is not long proportionate to its width, but its 
shores converge towards the upper end, and the wave action has been exceedingly energetic in consequence of 
this rapid convergence. Vertical cliffs of massive gabbro in the vicinity of the bay, particularly on its west side, 
where they rise to an elevation of fifty feet, have supplied the material of which the beaches are constructed. 
There is also a sparing admixture of glacial erratics. The remarkable feature about the beaches is that there is no 
shingle or gravel, or any fine material whatever, in their composition. They are strictly boulder beaches, resem- 
bling ridges of cannon balls, although’ there are as many sub-angular boulders as rounded ones (see plate KK, 
figure 2), The crest of the lowest of these beaches is only twenty feet horizontally distant from the present 
shore line, and its crest is 11.9 feet above the lake. The crest is strikingly horizontal and curves parallel to the 
contour of the shore. It may be the storm beach of the present stage of the water, but the size of the boulders, 
which range on an average from six to twelve inches in diameter, suggest that the crest was built up when the 
water was somewhat higher than now. Behind this beach there is a slight depression, and behind this the 
second boulder beach rises to an elevation along its crest of 17.6 feet. The distance between the two beaches 
from crest to crest is about 100 feet. The boulders of which this beach is composed do not, on the average, vary 
much from twelve inches in diameter. This second beach is again followed by the usual parallel hollow, and 
behind this rises the third and most imposing beach of the three. The crest of the latter is 200 feet distant from 
that of the second beach and is 38.6 feet high. The front of this beach is not a simple slope, as is the case with 
the two lower beaches, but its profile shows a distinct step-like feature in its lower part, such as may be some- 
times seen in clear water on the subaqueous slope of some of the living beaches of the lake. The component 
boulders of this beach are perceptibly larger than those of the lower beaches, the average diameter being over 
twelve inches. Many were measured which greatly exceeded this dimension. This beach was clearly developed 
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as a bar across the bay when the water formed the 38.6 foot beach, for behind the beach there is a broad expanse 
of marshy ground, much lower than the beach, which represents the lagoon formed by the establishment of the 
beach bar. At higher elevations of the surface of the water, Horseshoe bay would have been merged with the 
common expanse of the lake and the shore carried further inland than the range of our observations. 

Double bay. A fine display of terrace topography, visible through the burnt and still standing timber, 
meets the view on entering Double bay. The present shore line is backed by a steep sea-cliff which is being 
carved out of an embankment which is probably fundamentally morainic, although modified in form by shore 
action of former high stages of the lake. Numerous boulders are worked out of the embankment and are strewn 
along the present shore, but it is largely also composed of clayey material. Stretching back from the brink of 
this sea-cliff is a nearly flat terrace, which is about a quarter of a mile broad,and which spans the entire breadth 
of the embayment. The rear of this terrace is about thirty-two feet above the lake. Above it rises a second 
sea-cliff followed by another broad terrace similar to the first, having an altitude at its rear which measured 
85.8 feet. This second sea-cliff is not continuously distinct. Above it spreads out a broad, sloping plain, which 
varies in width according to the topography of the rocky slope which here begins to emerge through the super- 
incumbent embankment. Along the line of section measured, this terrace is about a half mile wide and abuts 
upon a rocky slope; the line of abutment is horizontal, and although no well-marked sea-cliff has been devel- 
oped, owing to the resistant character of the rock, it may with great probability be taken to mark approximately 
ashore line. Its elevation, as measured, is 160.5 feet. On top of this rocky ridge at an elevation of 278.9 feet, 
and at a distance inland of about a tenth of a mile from the rear of the last mentioned terrace, was found a 
distinct gravel bar surrounding low, rocky knolls and spanning the gaps between them. To the northeastward 
this beach appears to merge into a terrace which abuts upon the precipitous flanks of a spur of Farquhar’s 
knob. The rear of this terrace would be a few feet higher than the figures given for the elevation of the gravel 
bar, but its precise elevation was not determined. | 

Grand Portage. It was hoped from a distant inspection of the topography of the pass through the hills 
at Grand Portage, from its being fairly free from timber, and from its gentle grade, which renders the country 
accessible for some miles from shore within moderate limits of elevation, that the registration of the ancient 
strand lines of Jake Superior would at this place be fuller than usual. This hope was, however, not fulfilled, and 
only a few of the strand lines were satisfactorily located by carrying a line of levels along the portage trail. From 
the nature of the embayment in the hills it is evident at a glance that at the higher stages of the water Grand 
Portage bay must have extended several miles inland and have had a somewhat irregular shore contour with 
sharp indentations, particularly on its west side. From the precipitous character of the bluffs or promon- 
tories, which limit the embayment on either side, it is presumed that very little of the general shore drift found 
a lodgment in the bay, and whatever embankments may have accumulated would be of local derivation. The fact 
that the general shore drift did not find its way into the bay at the higher stages of the lake,either around mount - 
Josephine on the east, or the bold precipices which rise on the west of the embayment, is evidenced hy the 
absence of such drift on the wave-cut terraces, which contour these precipitous slopes on either hand, as will be 
noted later. In spite of this exclusion of the general shore drift, there is evidence that, at probably all recorded 
stages of the water, the water was in the middle parts of the bay as it is now, always shallow, and that waves, 
although very effective on the neighboring steep slopes where the water was deep, left comparatively feeble 
traces of their action on the successive shores at the head of the bay. The conditions which have favored an 
excessive accumulation of local detritus in the bay and rendered it shallow from the highest stages of the lake 
down to the present, are: (1) The presence of a massive morainic ridge crossing the valley about four miles 
‘north of the village, and (2) A smaji stream cutting through it, which has built up a succession of sloping delta 
plains, each of which has been cut through in turn as the level of the lake dropped. The higher and older delta 
plains appear to be much more extensive than the later, and it is a possible case that at the time of their building 
the stream flowed from heneath ice still lingering behind the moraine in the upper part of the valley. The 
highest delta forms a very distinct broad plain which has been terraced by the stream, but which cannot be 
clearly separated at its rear from the present front slope of the moraine. Half a mile or more in front of the 
moraine there projects through the plain a rocky, glaciated dome a few hundred feet in diameter. The abut- 
ment of the plain upon the steep slopes of this island-like mass of bare rock is very sharp. An inspection of the 
surface of the rock, which is uneven in detail on top, warrants the belief that it was not submerged at the time 
of the formation of the plain which encircles it, and that it was, therefore, but little above the level of the water 
which conditioned the slope of the plain. The elevation of the plain at this point was measured at 339.7 feet. 

A higher terrace was also observed abutting on a rocky slope at an elevation of 458 feet, but the brushy 
character of country obscured its relation to that just mentioned and it could not be determined to be distinct 
from it. 

Further down the valley on a lower delta slope are two low, beach-like ridges, one at 254.7 feet, and another 
at 231.8 feet, which appear to have been barriers thrown up by the breakers in a shallow bay at some distance 
from the shore and similar to the barrier which is now forming in Grand Portage bay. On a sstill lower delta 
plain and much nearer the lake is still another low barrier ridge which has an elevation of 103.5 feet. The 
church of the village stands on a terrace which, at its rear, at the foot of a low and worn-down cliff carved out 
of delta material, is 74.7 feet high. Immediately to the lakeward side of the church the ground drops steeply to 
the level of the terrace on which the village is built. This drop represents a sea-cliff which is one of the most 
striking shore features of Grand Portage. The terrace which extends out from its base is 37.9 feet above the 
lake. There is still a lower terrace, the rear of which is about 8.6 feet above the lake. The present bay is shal- 
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low out as far as Grand Portage island, so that the waves break before reaching shore; and one of the results of 
this is the development of a subaqueous ridge or barrier paralle! with the shore line. Boats drawing over a foot 
of water may ground on this barrier, but between it and the shore the water is deeper. The barrier, as yet, 
appears nowhere above the surface of the lake and probably it will never so develop into a barrier beach, but 
always remain subaqueous, since heavy storm waves necessary for the throwing up of the initial subaerial ridge 
cannot reach this line on account of the lakeward shoal. 

Mount Josephine. The south side of mount Josephine presents a succession of strand lines, most of which 
are exceptionally wel] defined. The mountain is a ridge 703 feet high and consists of a great dike of gabbro or 
diabase, to both of the steep flanks of which a selvaye of southerly dipping slates and quartzyte of the Animikie 
is still adhering up to varying elevations. The extremity of the ridge juts out into the lake as a sharp point 
which forms the eastern limit of Grand Portage bay and is known as Hat point. The most striking and most 
heavily scored of the strand lines is a wave-cut terrace which contours the side of the ridge at an elevation of 
509.5 feet and sweeps around in a beautifully shaped curve where the ridge abuts upon the main mass of rock 
from which itis aspur. The timber has been burnt over a portion of the hillside so that the character of the 
terrace, as a heavily cut shelf, perfectly horizontal, projected against the side of the hill, attracts the eye from 
a long way off, and excites the curiosity of even the casual observer as a peculiar feature of the landscape. At 
close quarters the terrace was found to be about 100 feet wide, to have a yentle lakeward slope for this distance, 
and then to drop away into a steep declivity of the hillside. At its rear rises a steep cliff which is partly the 
side of the great dike, partly the indurated slates adhering to the dike, and partly a wall of the dike rock, far- 
ther in than its original side wall, which has been established by the cutting action at the level of the terrace. 
The terrace is strewn with great blocks which have fallen from the vertical cliff, and at one place a considerable 
talus has accumulated in great part since the wave action ceased. There is a considerable proportion of glacial 
drift over the lower flanks of the ridge, and this seems to have extended up to the summit of the ridge, since 
there are some northern erratics strewn over the surface of the terrace. It is possible that the terrace may, in 
part, particularly at its northern end, be cut out of a morainicdump. The summit of mount Josephine is heavily 
glaciated. A smal) portion of beach shingle and gravel is strewn over the surface of the terrace. The possibility 
of the terrace being a feature of differential degradation was critically considered on the ground, but all the 
evidence observed made clearly for its wave-wrought origin. The facts that the strata dip southerly while the 
rear of the terrace is horizontal, that the slope of the terrace is outward and independent of the dip, and that 
the terrace character is maintained where it swings in the curve of the — -— away from the line of the dike, 
indicate at once that its form and situation are not conditioned by the structure’ of the rocks. The terrace is 
further interesting as yielding to accurate measurement figures for its altitude, which are identical with those 
obtained for the equally well-defined strand line at Hardy's schoolhouse in East Duluth. 

This terrace, although the most pronounced of the dents in the west side of mount Josephine, is not the 
highest. There are two higher and presumably older terraces, neither of which is so extensive along the hillside 
nor so wide. Both of these are much alike in their general character and in the measure of their extent, and 
they rise one above the other. They are continuous for only a few hundred yards, and both vary from about 
thirty to fifty feet in width. Both are backed by a sea-cliff and both are strewn with blocks of rocks derived 
from it and from drift accumulations. These terraces are respectively 587.2 feet and 607.3 feet above the lake. 
One of them is a prominent feature of the hillside as a distinct horizontal shelf, visible at long distance; the 
other is not so apparent, owing, doubtless, to the thickened shrubbery. It is suggested, in explanation of their 
short extent, that they lie in a slight embayment on the side of this ridge and so somewhat protected; while 
their continuation on the more salient portions of the ridge has been undermined and cut away by the same 
wave action which resulted in the development of the broader terrace at 509 feet. These two terraces, at 587 
feet and 607 feet, are remarkable for being the highest strand lines which have thus far been observed on the 
coast of lake Superior. 

Lower on the same slope of mount Josephine are two other sharply scored but narrow terraces, which lie 
well within the unburnt timber, and which are therefore not apparent at a distance. The first of them, in 
descending order, is at an elevation of 313.5 feet and the second at 226.1 feet. Both are readily observable on 
the trail which crosses mount Josephine from Grand Portage to Wauswaugoning bay, and both appear to be cut 
out of the accumulation of drift which here mantles the rocky base of the ridge. Still further down, at the base 
of the hill, is a boulder beach, the crest of which is forty-three feet above the lake: and between this and the 
shore there is again a drop in the general slope to an even terrace which is 19.9 feet high at its rear, and which 
extends for less than 100 yards to the brink of the sea-cliff of the present shore. This last sea-cliff has a hight 
of thirteen feet. 

Wanswaugoning bay. Wauswaugoning bay is limited on the southwest side by Hat point and on the 
northeast by the base of Pigeon point. The shore along the side of Hat point is a precipitous cliff without a 
beach or visible shelf at its base, and the water is deep. This line of high cliff, rising in places to a hight of 800 
feet, is continuous around the embayment, but leaves the shore line about half way from the extremity of the 
point and sweeps round to the vicinity of Pigeon falls, roughly parallel to the shore, but usually several hundred 
yards distant from it. At the base of Pigeon point the ground is low, and at higher stages of the water Pigeon 
point was either an island or was completely submerged, so that a portion of the sediment of Pigeon river then 
found its way into Wauswaugoning bay. But as Pigeon river is a new stream, being a succession of cataracts 
and stretches of still water, the sediment is small in quantity and very fine, so that it supplied practically no 
material which would remain in the zone of ghore drift on a wave-beaten shore. Its sediments have taken the 
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form of a delta at the head of Pigeon bay where protected from wave action. The Pigeon river is clearly a very 
recent drainage and it seems probable that the ancient outlet was into Grand Portage bay. This dearth of stream 
detritus has characterized the shores of Wauswaugoning bay at all stages of lake Superior, there being no other 
stream cutting through or tumbling over the cliffs which rise around it. In this respect the bay presents a 
marked contrast to the neighboring bay at Grand Portage with its heavy deltas. The contrast between the two 
bays is perhaps best seen in the character of the strand line registrations. The higher stages of the lake were 
not strongly registered at the head of Grand Portage bay because of the lack of contrast between the subaerial 
and subaqueous slopes of the delta. At the head of Wauswaugoning bay the water line of the higher stage was 
not registered at all, because the shore was along the face of vertical cliffs of pre-lacustrine origin. As the lake 
subsided the water surface reached the talus of the cliffs, and terrace lines were doubtless carved. But in the 
vicinity of the cliffs the growth of the talus since the water subsided has rendered them unrecognizable; and it 
is only when we come to comparatively low stages of the lake, where, on the gentler slopes of the talus, conditions 
have been favorable for the carrying of a bar across the head of the bay, that permanent strand lines have been 
established. These bars form two magnifivent beach embankments with lagoon hollow behind and undulatory 
slope in front. They are composed entirely of coarse shingle of quartzyte and hard siliceous slate which mostly 
weather red. The vegetation has been burnt off and the crests are remarkably sharp and continuously 
horizontal lines, which by their color and distinctness give a striking character to the landscape. The upper of 
these two beaches is 76.5 feet above the lake (see plate JJ, figure 1), and the lower 43.7 feet. 

Near Birch island. Outside of Wauswaugoning bay on the south side of Pigeon point and about half a 
mile east of Birch island there is a fine display of storm beaches. The material of which they are built is the 
detritus of the reddish Animikie quartzyte which is the prevalent rock on this part of the coast. The shore is 
well exposed to southerly winds. The beaches, although well developed, are here only found at comparatively 
low altitudes, there being no high slopes upon which embankments of higher stages of the lake could be lodged. 
Three distinct beach crests rise one above the other, all having the same general character. The first of these 
is within reach of the waves of the present stage of the lake, and is possibly the living storm beach in process of 
growth, or having attained its maximum growth. Its crest is sharp and uniformly level at 13.6 feet above still 
water. About 150 feet from this crest rises the second beach equally sharp and distinct, with an elevation of 
17.4. On the front slope of this beach is a subordinate shelf-like feature. There is no perceptible depression in 
the 150 feet of space between the two beach lines. The third beach crest is about 100 feet behind the second, and 
there is a slight depression between the two. There is a depression behind the third beach, 7. e., between it and 
the rocky slope upon which it has been banked up. The third beach has an elevation of twenty-one feet. All 
three beaches are absolutely devoid of soil or fine material of any kind. There is no blown sand to obscure their 
characters as perfect wave-built embankments of shingle and gravelspanning the bay between two rocky ridges. 

Pigeon point. From the abandoned ranch at the mouth of Pigeon river a trail crosses Pigeon point to 
the shore on the south side. This trail is transverse to the trend of the rocks, and hetween the two main ridges 
is an embayment which opens to the southeast on the south side of the point. The trail in crossing this embay- 
ment follows the crest of a shingle beach which spans it. The total length of the beach is something less than 
one-eighth of a mile, there is no breach in it, and behind it is a well-detined lagoon hollow. The crest of the 
beach was found to have an elevation of 75.6 feet. On the front of the embankment which culminates in this 
beach a second beach has been developed at an altitude of 56.6 feet. It is probable that several other beaches 
lie between this and the shore, but the interval is heavily timbered and definite results are scarcely obtainable. 

Pigeon river. At the mouth of Pigeon river, on the Canadian side, there are three fairly distinct traces 
of shore action. They are found on the south side of the point of land which separates the canon of the Pigeon 
from Pigeon bay. The highest is of the nature of a short gravel bar, connecting two projecting masses of rock: 
It is about one foot lower in its middle than at the sides where it abuts upon the rock. Its elevation at the 
latter place was found to be 134.3 feet. The fine character of the gravel (mostly of slate) and the low curvature 
of the bar indicate development under sheltered conditions, such as the local topography would suggest. On 
the lower flanks of the hillside are two distinct terraces, one at 60.8 feet and another at 18.2 feet, both of which 
are probably rather to be strictly interpreted as stream terraces of the Pigeon, but, being at its mouth and below 
tapid water, they represent very closely the stages of the lake at which they were developed. 


MATERIAL RESOURCES. 


There is a large quantity of timber, both hard and soft wood, standing in this 
county, and this will be of great value when the district is better settled. At present 
hittle can be done with the timber, for most of the streams, especially in their lower 
courses, have many rapids and falls. The value of the land for agricultural pur- 
poses has already been spoken of (page 320). 

The iron ore thus far discovered in this county, as described in the chapters on 
the Akeley Lake and Gunflint Lake plates, while in large amounts, still cannot be 
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profitably mined with the present prices of ore. With better prices, or the estab- 
lishment of blast furnaces on lake Superior, this ore, which is in large quantity, 
might be mined with profit. There are large bodies of titaniferous magnetite asso- 
ciated with the gabbro, which will be of value when an economical process of smelt- 
ing titaniferous ores is in operation in this county. Nickel ore is found in small 
amount in the gabbro, and many important finds of this ore have been reported, but 
as yet none of them have been substantiated. By this it is not intended to state 
that nickel ore of sufficient richness to pay for working does not exist in the county, 
but only that at present such ore does not seem to have been found. The conditions 
seem to be favorable, and the future may show that it exists in paying quantities. 
Silver and copper have also been found in small amount, the former in the Animikie 
and the latter in the Keweenawan rocks, but neither metal is known in large 
amounts. The conditions for the discovery of silver-bearing veins in this county 
are favorable, as the geological structure of the northern part of the district is the 
same as that of the adjoining silver district of Ontario. The same can be said 
regarding copper, for geologically the conditions are favorable, but as yet no large 
deposits of this metal have been found. : 
Water-powers, Throughout the county are numerous streams which have con- 
siderable fall in short distances. This is especially true of the last few miles of the 
lower courses of the streams flowing into lake Superior. These streams often descend 
several hundred feet in a few miles from the lake, and, as the country becomes settled, 
these natural water powers can be easily utilized. The lakes of the county, as a 
rule, have narrow, rapid streams flowing from them. By adam at the outlet of one 
of these lakes the lake level can be raised a few feet, thus forming a mill pond of 


large size. 
GEOLOGICAL MAP. 


The boundaries of the Animikie and Archean rocks are regarded as accurately 
located. Not so much can be’ said of the boundaries of the different parts of the 
Keweenawan, because (1) of the difficulty of separating the Cabotian and Manitou 
parts of this series in the southern part of the county, and (2) because the interior of 
the county has not been carefully explored. In mapping the parts of the Keweene- 
wan on the lake Superior shore, the results obtained by the state geologist have been 
_ followed, while back from the lake shore notes of different parties of the survey have 
been used, and a map by Dr. A. H. Elftman * has been followed in many particulars. 

Overa considerable portion of the county accurate topographic data are lacking, 
but in the northern part of the county and southward from T. 64-1 W. to (trand 
Marais, the data are good and were obtained by leveling and aneroid measurements.t 


* Amer, Geol,, vol. xxii, pl. 7. 
+This topographic work was done in 188 by a party of the survey under the charge of Dr. C. P. BERKRY (see his report, 
Twenty-secuond Annual Report, pp. 134-140), the leveling being done by Messrs. L. A. OGAaRD and A. N. WINCHELL. 
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Rock samples.) 
ROCK SAMPLES. 


The following rock samples, illustrating the rocks of Cook county, have been 


collected by the survey:* 

N. H. Winchell’s series: Nos. 161-321; 535-553; 603-627; 642-737; 767-796; 799, 800; 1070-1072; 1088-1092; 
1264-1364; 1379-1384; 1772-1785; 1807-1906; 2044-2077. 

A. Winchell’s series: Nos. 358; 570-886. 

H. V. Winchell's series: Nos. 433-462. 

U. S. Grant’s series: Nos. 6-67; 170-244; 645-689; 701-710; 712-726; 790, 791; 821-839; 847-849; 851, 852; 
855-893; 894-909; 929-1008C. 

A. H. Elftman’s series: Nos. 292-350; 426-571; 638--696. 


* This list includes some samples from Canadian territory immediately adjacent to the northern boundary of the county, 
as such samples have an important connection with the study of the geology of this county. 


CHAPTER XITI. 


THE GEOLOGY OF THE POKEGAMA LAKE PLATE.” 


By U. 8S. GRANT. 


Situation and area, The district here described lies in the southern part of 
Itasca county, and includes Ts. 54-26, 54-27, 55-26 and 55-27, all west of the Fourth 
principal meridian, It is rectangular in outline, being twelve miles long (north and 
south) and nine and a third miles wide (east and west), and thus contains 112 
square miles. 

SURFACE FEATURES. 

The surface is flat to gently undulating in general, being covered with deposits 
of till and modified drift, while in some places, as shown on the map, the surface 
becomes knolly or hilly and the drift is morainic in character. By far the most pro- 
nounced ridge is that lying southwest of Pokegama lake in secs. 22, 27, 28 and 29 of 
—'T, 54-26 W. The highest point reached by this ridge is in the north half of sec. 28 
and is 1,617 feet above the sea level or 341 feet above Pokegama lake. This point is 
probably the highest between the west line of St. Louis county and the district 
southwest from Itasca lake. Lakes are quite abundant, Pokegama lake, lying on 
the eastern side of the plate, being the largest. The district is drained by the Mis- 
sissippi river, which flows eastward through its northern half. Rock exposures are 
quite scarce; m fact the only ones we have record of are in the vicinity of Pokegama 
falls and some reported ones to the southwest of that place. The drift thus prac- 
tically covers all the bed rock to a depth which perhaps averages fifty feet, or 
even more. 

GEOLOGICAL STRUCTURE. 

Granitie rocks. On the map (plate 70) a belt of granite is shown extending 
southwestwardly for a distance of three miles from the northeast corner of the plate. 
The survey has no records of granite outcrops in this area, but, from the existence 
of granite just to the northeast and from its known relations to the Pokegama 
quartzyte, we feel reasonably sure that the granitic rocks underlie the drift in the 


* The sources of information for this chapter are practically the same as for the chapter on Itasca county, excepting the 
report of A. ©. Lawson and that of H. V. Winchell and U. 8. Grant. (See first foot note under the description of that county.) 
The writer is not personally acquainted with the district included in this plate. 
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area represented. The southern, or southeastern, limit of the granitic rocks beyond 
the area colored on the map is thought to run from near the centre of sec. 22, T. 
55-26 W., southwest, passing near the southwest corner of this section and a little 
north of the northwest corner of sec. 28, T. 50-26 W., and leaving this township in 
section 31. Beyond this it is supposed to pursue the same general direction, at least 
for several miles. All that part of the plate northwest of this line seems, quite 
probably, to be underlain by granitic rocks. These rocks, as stated under the chap- 
ter on Itasca county, are regarded, in part at least, as Archean eruptives of an age 
later than the Lower Keewatin and possibly later than the Upper Keewatin. 

The Animikie, This formation is represented in this plate by the lower or 
quartzyte member (Pokegama quartzyte) and the taconyte or iron-bearing member. 

(1). Pokegama quartzyte. This occupies a narrow belt, about half a mile in width, 
just to the southeast of the granitic rocks already mentioned, and it overlies the 
granite unconformably. The quartzyte probably extends, under the drift, southwest 
for a number of miles, lying along the southeastern limit of the granitic rocks, which 
limit has already been roughly indicated. Indeed, quartzyte has been reported to 
outcrop in three or four places to the southwest of Pokegama falls, but we have 
been unable to visit the localities to verify the reports, still we regard them as trust- 
worthy, and, moreover, the reported outcrops are in the line of stnke of the Ani- 
mikie and thus occur where we should expect to find quartzyte. 

At Pokegama falls this rock appears in outcrop and causes the falls. Below 
the falls the dip is 15° towards 8. 8° W.; above the falls, 15° 8. 8° E. The rock is in 
general a rather vitreous quartzyte which has been more or less iron stained. The 
original color as shown by the interior is a greenish gray, and the coloration has 
proceeded along exposed surfaces, cracks and joint planes, often producing a mottled 
rock which is gray, greenish, brownish or reddish in color. At times it is more or 
Jess crumbling, especially where stained by iron. A fine-grained conglomerate is 
seen in places, and some flat pieces of a red, shaly material, sometimes two inches 
or more across, are included in the quartzyte. This material reminds one of the 
pipestone associated with the Sioux quartzyte in the southwestern part of the state. 
These red pietes were probably fragments of Keewatin slate or shale included 
in the quartzyte when it was being deposited, and they have since become iron- 
stained and soft. If this is true, we may expect Keewatin rocks not far removed 
from this locality. Such rocks are known to occur underlying the quartzyte in cer- 
tain parts of St. Louis county, but we do not know of their actual occurrence in 
such a position in Itasca county. Another feature of the quartzyte is 1ts spottedness. 
Roughly circular areas, of all sizes up to an inch or more across, are sometimes 
common. These areas are reddish or brownish in color, and are rich in iron. They 
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appear more granular than the rest of the rock, probably because the hard siliceous 
cement of the rock has been dissolved away, and partly or wholly replaced by the 
softer iron ore. An examination of this quartzyte under the microscope shows that 
the rock originally consisted of rounded quartz grains, 7. e. the rock was a sandstone, 
and that since its deposition silica has been deposited among and around the sand 
grains, cementing them together. When this process is completed the rock hasa 
vitreous rather than a granular aspect. The silica thus deposited is completely 
crystallized and many of the original sand grains show crystalline enlargements. 

About one-sixth of a mile above Pokegama falls and on the west side of the 
river is a bluff of the same quartzyte rising twenty-five feet above the water. The 
dip here is 8° towards S, 22° E. Before Pokegama lake was raised by the government 
dam the quartzyte appeared in a low outcrop in N. W. } sec. 23, T. 55-26 W., and 
formed a small rapid at the outlet of Pokegama lake. This outcrop is now entirely 
covered by water. The quartzyte has also been reported on the Little Boy river in 
Cass county, also about eight miles southwest of Pokegama falls and in sec. 31, T. 
55-26 W., or sec. 6, T. 54-26 W. All of these localities are in the general direction 
of the strike of the Animikie, and they tend to confirm the idea that the Animikie 
rocks, both the quartzyte and the iron-bearing member, extend for a considerable 
distance southwest from Pokegama falls. 

(2). Taconyte or iron-bearing member, These rocks are not known to the survey 
in the area included in this plate, but there is no reason to doubt that they exist 
immediately to the southeast of the quartzyte belt along its known and probable 
extent. There are prospects that bodies of iron ore will be found in the belt of iron- 
bearing rocks represented on the map, as well as to the southwest, but the covering 
of drift may be so thick that the discovery of these ore bodies will be a rather expen- 
sive process, 

The Cretaceous. No strata of this age have been actually found in place in this 
district, although they are known, in three places, at least, along the southern slope 
of the Mesabi iron range a few miles to the east, and it is quite probable that such 
strata exist within the area of this sheet. Indeed, there are reasons for regarding 
the high ridge in secs, 22, 27, 28 and 29, T. 54-26 W.,as composed of a mass of Creta- 
ceous rocks covered by only a small thickness of drift. The oval hill in secs. 22 and 
93, T. 55-26 W., may also be of similar character. The high ridge just mentioned 
bears, especially along its northern face, morainic accumulations, but its summit and 
southern side do not appear to be of this character. The surface is here apparently 
of blue clay, and in shallow cuts on logging roads fragments of what seem to be 
Cretaceous shale are found. 
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GEOLOGICAL MAP. 


On the map only the areas where we are reasonably sure that the granitic rocks 
and the two divisions of the Animikie occur are thus indicated. The line between 
the granitic rocks and the quartzyte, as well as that between the latter and the iron- . 
bearing rocks, is, we feel, quite accurately located. But an attempt to mark the 
exact location of these lines towards the southwest would, with our present knowl- 
edge, most likely prove unsuccessful. The most probable location of the limits of 
these formations in this direction has already been indicated. The drift is mapped 
as morainic and otherwise, the areas of non-morainic till, modified drift and a little 
alluvium along the Mississippi river being represented by one color. The contour 
lines were obtained with the aid of an aneroid barometer and may be regarded as 
approximately correct. 

ROCK SAMPLES. 
The following rock samples were collected within the area of this plate: 


N. H. Winchell’s series: No. 1521. 
H.V. Winchell's series: Nos. 256-259; 284, 285. 


CHAPTER XIV. 


THE GEOLOGY OF THE GRAND RAPIDS PLATE.* 


By U. 8S. GRANT. 


Situation and area, The district here described lies in the southern part of 
Itasca county and includes Ts. 55-24, 55-25, 56-24 and 56-25, all west of the Fourth 
principal meridian. It is two townships or twelve miles square and thus contains 
144 square miles. It includes the Mesabi iron range between the Pokegama Lake 
plate (No. 70) on the west, and the Swan Lake plate (No. 72) on the east. 


SURFACE FEATURES. 


The surface is in general undulating, but in the south half of T. 55-24 W. it 18 
nearly flat, and, as shown on the map, a morainic belt lies along the south side of 
the Mesabi range. This morainic belt 1s quite pronounced in T. 56-24 W., along 
part of the area which is marked as underlain by the iron-bearing rocks. There are 
no great differences in relief, but a few hills, as west of Trout lake and in the north 
half of sec. 21, T. 56-24 W., rise about 200 feet above the surrounding country. The 
lowest part of the district, along its southern side from the Mississippi river east- 
ward, is something over 1,250 feet above the sea, and the highest land is in the north- 
east corner where the Giant’s range begins to develop and where altitudes of over 
1,500 feet are reached. The district is drained by the Mississippi river and two of 
its tributaries, Prairie and Swan rivers. Rock exposures are more common than in 
the Pokegama Lake plate, and there are a number of test pits in the area underlain 


by the iron-bearing rocks. 
GEOLOGICAL STRUCTURE. 


Granitic rocks. The southeastern limit of these rocks enters the plate on the 
west near the centre of the west side of sec. 7, T. 55-25 W., and runs in a northeasterly 
direction, leaving the plate near the centre of the east side of sec. 1, T. 56-24 W. 
These rocks probably underlie all of the area of the plate to the northwest of this 


limit, and they outcrop in a number of localities within the area colored as granitic 
rocks on the map. 


° The sources of information for this cha xcepting 
pter are practically the same as for the chapter on Itasca county, & e) 
2 ae Perens and that of H. V. Winchell and U. 8. cant: (See first foot note sader the description of that oN 
ee Set rea “8 aba to Hon. B. P. Snider, of Minneapolis, for information concerning the location of the formations 
plate. The writer is not personally acquainted with this district. 
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At the Upper falls of Prairie river (near the centre of the E. 4 E. 4 sec. 33, T. 
96-25 W.) these granitic rocks occur in extensive exposures. The river here runs 
through a narrow, rocky channel, only twenty-five feet wide in one place, with sides 
rising thirty to forty feet above the water. At the foot of the rapid the rock is a 
fine-grained, gray, gneissoid granite. It appears in nearly horizontal layers, and 
varies in color from white to reddish. It changes in ascending the rapid, becoming 
coarser in grain and containing more biotite and feldspar. Some of the feldspar is 
quite red. Veins of coarse, reddish granite, of all sizes up to those six inches ACroOss, 
cut the country rock. To the northeast of the falls rocks of the same general char- 
acter as occur at the falls are found in several outcrops. In one place, at about half 
a mile from the falls, an outcrop of dark greenish dioritic rock occurs in close prox- 
imity to the granite, but its relation to that rock is not known. Such masses of 
hornblendic rock are found farther east in this granite area and are shown to be 
enclosures of foreign rock in the granite. This dioritic outcrop may be of a similar 
nature, or it is possible that it represents a dike cutting the granite. 

Near the southeast corner of sec. 27, T. 56-25 W., the granite is slightly porphy- 
ritic with feldspar. Numerous other outcrops occur to the northeast, especially in 
secs. 4, 9 and 19, T. 56-24 W. 

The Animikie. As in the Pokegama Lake plate the Animikie is represented 
by the quartzyte (Pokegama) and the taconyte or iron-bearing member. 

(1). Pokegama quartzyte. This occupies the narrow belt between the granitic 
rocks on the northwest and the taconyte on the southeast. The quartzyte occurs 
in outcrop at the Lower falls of Prairie river, in S, E. 4 sec. 34, T. 56-25 W. In 
general the rock is the same as at Pokegama falls, but about half way up the rapid 
is a fine conglomerate, the pebbles being largely of quartz, although pebbles of a 
fine-grained, slaty rock are not uncommon. In one place the quartzyte is spotted 
with white areas which, except in color, do not appear different from the rest of the 
rock, which is of a brownish shade. The contact between the quartzyte and the . 
granite was not found, although searched for considerably. 

Near the dam at the foot of Prairie lake, just north of an exposure of quartzyte, 
is a narrow belt on which are thickly strewn many small boulders of greenish gray 
sandstone, but no exposure of this rock is known, The boulders split easily into 
flags and are composed of a somewhat micaceous sandstone. The belt in which 
these boulders lie is some four or five rods in width. Passing across this belt towards _ 
the quartzyte the sandstone boulders are quite abruptly replaced by boulders of 
quartzyte, which occupy a belt perhaps ten or fifteen rods wide, beyond which the 
| quartzyte occurs in place. It seems quite probable that the sandstone occurs in 
place under the area covered by the boulders of this rock, and thus that the sandstone 
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underlies the quartzyte. The accompanying figure shows a north and south section 
at this locality, the granite being on the north and underlying the quartzyte uncon- 


formably. 


SIRES 


FIG. 61. SECTION, NORTH AND SOUTH, NEAR THE LOWER FALLS OF PRAIRIE RIVER. 


1- Granite. 2—Sandstone boulders. 
3a—Quartzyte boulders. $—Quartzy te in place. 


The quartzyte at the Lower falls dips in the main toward the south-southeast 
at an angle averaging about 10°, and it undulates in one or two gentle folds. Along 
the top of one of the anticlinals can be seen a distinct fracture, opening upwards 
as the crest runs across the river. 

Quartzyte occurs in several outcrops in the vicinity of the lower falls and also 
to the northwest-northeast, especially in sec. 16, T. 56-24 W., where outcrops occur 
near the southwest corner of the section, and a ridge exists near the centre of the 
section, To the southwest of the falls the quartzyte occurs, notably in sec. 4, T. 
55-25 W., near the centre of the section, and on its east side about a third of a mile 
from the northeast corner. 

It will be noticed on the map that the Animikie rocks are shown to bend to 
the south near the northeast corner of T. 56-24 W., and then to bend northeast 
again in section 13 of the same township. By comparing this map with the Swan 
Lake plate (plate 72) it will be seen that, if the quartzyte belt in T. 56-24 W. was 
continued in the direction of its strike, it would pass about two miles northwest of 
the quartzyte as it actually exists in T. 56-23 W. Some irregularity occurs here, as 
is indicated by the outcrops, and the rock found in test pits, and as is represented 
on the map. In the immediate vicinity of this irregularity we have records of the 
granite, quartzyte and taconyte, as follows: 


Granite. Near centre of sec. 10; near south quarter post of sec. 2, T. 56-24 W.; near southwest corner of 
sec. 7, T. 56-23 W. 


Quartzyte. A little south of the centre of section 15; a little southeast of the centre of N. W. 44 sec. I; 


a little west of the east quarter post of sec. 1; near centre of sec. 13; N. 1; 8. W. 4S. E. \% sec. 13, T. 56-24 W.; 
ridge west of centre of sec. 18, T. 56-23 W. 


Taconyte. Diamond mine (S. E. 44 S. W. 14 sec. 15) S. W. 14 S. W sec, 14: many localities in 3.458. 
15 sec. 13, T. 56-24 W. “4 M4 ) 9. W.% sec. 14; many 


From the data at hand it would be as easy to assume a fault as the bend in the 
strata represented on the map. Ifa fault exists, the fault plane is probably nearly 
vertical, and it runs from near the east quarter post of sec. 1, T. 56-24 W. south- 
southwest into the west half of section 18. This irregularity in the strike of the 
Animikie has its analogue near Virginia (see the Virginia plate No. 75). To the 


writer it appears that these irregularities can best be explained by assuming that the 
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Taconyte or iron-bearing member. ] 


southward extending tongue of Archean rocks was originally covered by an anticline 
of Animikie rocks which have been eroded, revealing the underlying Archean, which 
was bowed up under the arch of Animikie strata. At any rate, there is evidence 
that the Animikie, in addition to its gentle south-southeastwardly dip and small 
undulations whose axes run at right angles to this direction, also has gentle folds, 
resulting from a compression acting in an east-southeast and west-northwest direc- 
tion. The three irregularities mentioned above may be assumed to be along the 
axes of the more pronounced folds resulting from this force. 

It is also possible that these southward extending tongues of Archean rocks 
represent ridges in the surface on which the Animikie was deposited. There seem 
to be reasons for assuming that the Archean rocks were reduced practically to a base 
level before the Animikie was deposited, and the general straight limit of the Ani- 
mikie rocks on the north and the character of the deposits, lead one to think that 
sharp ridges did not exist in the surface on which the Animikie was laid down. 

It is assumed, from the evidence at hand, that the tongue of granite running 
into the N. E. 4 sec. 18, T. 56-24 W., has the quartzyte dipping away from it on all 
sides except the northeast, while the quartzyte in sections 1 and 12 forms a syncline. 

(2). Taconyte or iron-bearing member, This lies just to the south of the quartzyte 
belt and its southern limit is unknown on account of the heavy covering of drift. 
It outcrops just to the south of the quartzyte at the Lower falls of Prairie river. 
The thickness of this taconyte member here exposed probably does not exceed six 
feet and it rests directly on the quartzyte. The taconyte here varies considerably, 
being in general a reddish, jaspery rock with irregular streaks and bands of quartz, 
and apparently chalcedony. Some beds at the foot of the rapid are rich in hard 
hematite, and make a good iron ore. An analysis of the ore at this place gave the 


result given in I of the accompanying table: : ‘ 


Silica (SiO, ), - - : - - - - - - 8.25 3.62 
Alumina (Al,O,), —- - - - - - - - Trace Trace 
Ferric oxide (Fe,O,',  - - . - - - - - 92.08 95.76 
Lime (CaQ), - : : : : : = - - Trace Trace 
Magnesia (MgQ), - : . : : . . : : Trace Trace 
Phosphorus (P), : : . - : - : - 09 .093 
Sulphur (S8.), : : : é : - é : Ol None 
Manganese (Mn), - = - - : 2 . : None None 
Titanium oxide (TiO,), - - - - - - - None see ee es 
Total, : - . : : : : : : 100.43 99.473 
Metallic iron, - - - : : : 2 : - 64.45 67.03 


The taconyte is known in numerous test pits to the east of Prairie river in T. 
56-24 W. Some bodies of ore have already been discovered, and others will prob- 
ably be found in the area of this plate. Among the bodies of ore may be mentioned 
the Diamond mine in S. E. + S. W. } sec. 15; near Griffin’s camp in N. E. ¥ sec. 22; 
on the land of the Arcturus Iron company in S. 4 sec, 13 and N. 4 sec. 24. An anal- 
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ysis of the ore from Griffin’s camp is given in the accompanying table (II), and 
nineteen determinations of iron and phosphorus from the test pits of the Arcturus 


Iron company will be found below: 


Metallic iron. Phosphorus. 
No. 1, 63.65 033 
No. 2, 62.70 037 
No. 3, 63.20 .040 
No. 4, 59.73 .050 
No. 5, 58.01 050 
No. 6, 60.50 041 
No. 7, 57.81 031 
No. 8, 56.68 035 
No. 9, 59.50 046 
No. 10 63.65 035 
No. 11, 64.40 057 
No. 12, 62.90 050 
No. 13, 57.25 039 
No. 14, 25.68 .040 
No. 15, 34.90 024 
No. 16, 66.13 022 
No. 17, 67.18 020 
No. 18, 68.38 018 
Ne. 19, - 62.70 032 


Average: Metallic iron, 61.26; Phosphorus, 037. 

The Cretaceous. In the test pits of the Arcturus Iron company in 8. 4 sec. 18, 
and N. 4 sec. 24, T. 56-24 W., Mr. H. V. Winchell informs us that there is a thick- 
ness of a number of feet of Cretaceous shale which is highly fossiliferous. These 
fossils have not been studied, but in all probability they are of the same age as those 
found a few miles to the east, which are regarded as belonging to the Colorado 
formation of the Upper Cretaceous.* Other Cretaceous areas are quite likely to be 
found within the district included in this plate. 


GEOLOGICAL MAP. 


The data at hand cause us to feel reasonably sure that the line between the 
granite and the quartzyte, as well as that between the latter and the taconyte or iron- 
bearing member of the Animikie, is located accurately, except possibly for the area 
of the irregularity in the strike of these rocks in the northeast corner of the plate. 
The granitic rocks most probably extend to the northwest, under the drift, beyond 
the limit shown on the map, and the taconyte may extend farther to the south than 
is indicated. But in each case the formations are mapped as covering only those 
areas where outcrops (or test pits in the rock) occur. The contour lines were 
obtained with the aid of an aneroid barometer and may be regarded as approx- 


imately correct. 
ROCK SAMPLES. 


The following rock samples were collected within the area of this plate: 


N. H. Winchell’s series: Nos. 1522-1537. 
H. V. Winchell's series: Nos. 260-280; 283. 


* Amer. Geol., vol. xiii, pp. 220-223. 
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CHAPTER XV. 


- 


THE GEOLOGY OF THE SWAN LAKE PLATE.* 


By U.S. GRANT. 


Situation and area. The district included in this plate lies on the eastern side 
of Itasca county and contains Ts. 56-22, 06-23, 57-22 and 57-23, all west of the 
Fourth principal meridian. It is thus twelve miles Square and contains 144 square 
miles. It includes the Mesabi iron range between the Grand Rapids plate (plate 71) 
on the west, and the Hibbing plate (plate 73) on the east. 


SURFACE FEATURES. 


‘The land surface is similar to that of the other plates in this part of the Mesabi 
range, being in its southern part flat or undulating, while farther north the surface 
is hilly. The Giant's range, the ridge which lies just to the north of the Mesabi iron- 
bearing rocks, is a marked topographic feature, rising 250 to 300 feet above the 
lower land around Swan lake. This ridge is composed of granitic rocks and it 
forms the divide between the streams which flow north and northwest from those 
which flow south. The former streams find their way to.the Prairie river, and the 
latter to the Swan river, both of which streams are tributary to the Mississippi. 

The east line of the plate is also the west line of St. Louis county, and from 
notes taken along this line we know that from the southeastern corner of the plate 
north for about.two miles the surface is covered with modified drift deposits—sand 
and gravel. North of this, until coming to within two miles of the northeastern 
corner of the plate, the surface is composed of unmodified till, flat or undulating in 

character, and frequently swampy. In the last two miles before reaching the north- 
east corner of the plate the surface is knolly and hilly, and the drift is characteristic 
of terminal moraine deposits. This moraine is supposed to extend westward, near 
the north line of township 57, and to connect with the Mesabi or Tenth moraine 
which is developed, known in the vicinity of Trout and Wabano lakes in T. 57-25 W. 
(See map of Itasca county, plate 65.) The Itasca or Ninth moraine enters the plate 
near its southwestern corner’ and extends northeastwardly, as shown on the map. 


* For information concerning the various rock outcrops and test pits in this plate we are especially indebted to Mr. R. M. 
Bennett, of Minneapolis. The author is not perronally acquainted with this district. 
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It is finally thought to cross the iron-bearing rocks in T. 57-22 W.,and to unite with 
the Mesabi moraine near the northeast corner of the plate. 


GEOLOGICAL STRUCTURE. 


Granitic rocks, As far as known, these rocks in this plate are of the same gen- 
eral character as similar rocks elsewhere on the Giant's range in this vicinity, 
and outcrops are not uncommon. Dark hornblendic rock or dioryte is reported 
from sec. 25, T. 27-23 W., but how large an area is occupied by this rock is not 
known. It may be a mass of hornblendic schist similar to that shown on the Hib- 
bing plate (plate 73) north of the iron-bearing rocks. 

Specimens of the granite from the S. W. 458. W. 4 sec. 33, T. 57-23 W., show — 
a rather fine grained, reddish gray, biotite, hornblende granite. The specimens col- 
lected here are most probably, though not certainly, in place. 

The Animihie, As elsewhere in Itasca county but two divisions, the quartzyte 
and taconyte members of the Animikie, are known. The rocks and relations of each 
member are the same as for the Pokegama Lake and Grand Rapids plates. 

(1). Pokegama quartzyte. This occupies a narrow belt, not exceeding half a mile 
in width, between the granite and the taconyte or iron-bearing member. Outcrops 
are known from a number of places, especially in the N. W. 4 of sec. 10, T. 56-23 W. 
The small area of quartzyte shown on the map in the west side of sec. 6, T. 56-23 W., 
has been explained under the discussion of the quartzyte in the description of the 
Grand Rapids plate. 

(2). Taconyte or irou-bearing member. Numerous test pits within the area of 
this plate strike this rock, especially along the eastern side of the plate in secs. 13 
and 24, T. 57-22 W. Many ore bodies have not yet been reported from the district 
included in this plate, but there seems to be no reason known why they will not be 
found by farther search. ‘The Mesabi Chief mine, in S. W. 4 sec. 23, T. 57-22 W., is 
one of the first places where a large deposit of ore was found in this plate. 

A diamond drill hole in the taconyte in the N. W.4N.E.4N.E. 4 sec. 1, T. 
56-23 W., passed through the following strata: 


Feet. 
Drift, - - - - : : 2  & ; 2 : : 1 
Banded lean ore, - - - : : : Z 3 . 7 7 581, 
Banded ore and taconyte, - . : : é : : . : F 16 
Banded taconyte, - - : - : : z ; . : 323; 
Lean hematite ore, : - : : - : . : : ; 3314 
Banded lean ore and taconyte, -— - é & : . Z : E : 3 
Taconyte and gray slate, - - . : < : : 2 ; ; 3214 
Thin seams of ore, - - - - - - : z 7 ; : 5314 
Quartzyte, - - : - - 2 : : : , : 4ly 

23015 


This shows that the taconyte at this place has a thickness of 231 feet. It 1s 
believed that this does not represent anywhere near the total thickness of the taco- 
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nyte horizon in this vicinity, the upper part of this formation having been removed, 
in the vicinity of this diamond drill hole, by erosion. 


GEOLOGICAL MAP, 


The reported exposures and test pits furnish sufficient data to enable us to mark 
out the north and south limits of the quartzyte belt. quite accurately, although, for 
a distance of four miles northeast from the west side of sec. 31, T. 57-22 W., the 
limits may not be as accurate as elsewhere. The northern limit of the granitic rocks 
and the southern limit of the taconyte rocks are not known, the limits shown on the 
map being simply those beyond which we have no records of outcrops or of test pits 
in the rock. The data for contour lines are very imperfect, and these lines are to be 
regarded only as rough attempts to indicate the general elevation of the surface and 
the location of the more elevated tracts. 


ROCK SAMPLES. 


The following rock samples were collected within the area of this plate: 


H.V. Winchell's series: No. 281. 
J. E. Spurr's series: Nos. 229, 230. 


ees 


CHAPTER XVI. 


- THE GEOLOGY OF THE HIBBING PLATE OF THE 
MESABI {RON RANGE. 


(PLaTE 73.) 


By N. H. WINCHELL. 


The water-divide formed by the Giant’s range of granite is less prominent as 
a topographic feature in the area of this plate than in those next east.* Its greatest 
elevations are in the extreme northeastern part, in sec. 12, T. 58-20, where a small 
area has an altitude of 1,800 feet above the sea, the adjoining lowlands being at 
1,500 feet, a difference of 300 feet. Further west, while the highest points are 1,700 
feet, the adjoining country is 1,500 feet. The slopes from this divide are gentle on 
either side. On some extended tracts the actual trend of the water divide is not 
outwardly observable, except by the directions of the small streams. It does not 
always follow the area of the granite. The quartzyte, being more nearly a flat- 
lying stratum, sometimes forms the chief elevation, rising with the inequalities 
of the underlying granite. Even the taconyte horizon is sometimes brought to do 
service as the highest rock in the region, as occurs in the ridge in sec. 35, T. 58-21. 
The summit of the divide passes into the granite area in the northeastern part of 
T. 58-20, where the country becomes rugged and greatly in contrast with the gentle 
inclines of the Animikie area further west. 

The quartzyte, which is the bottom layer of the Animikie, is not always 
observable, but the taconyte member apparently overlaps it, as thought by Mr. 
Spurr, or swells downward so as to include the horizon of the quartzyte within that 
of the iron-bearing member. Thesame irregularity occurs on the Mesabi iron range 
much further east. The quartzyte is visible continuously, however, as far east as 10 
sec. 21, T. 58-20, where it dwindles to a narrow wedge and disappears, the taconyte 
apparently coming into contact with the granite. A narrow strip occurs again in 
section 14, which is known to extend but little over a mile.t 

* The data for this description are derived mainly from the survey of Mr. J. E. Spurr as pubdlished in Bulictin x. supple 


mented, however, by later information from Dr. U.S. Grant. The accompanying plate is reconstructed from that of Mr. Spurr, 


with slight alterations. 
+ Later examinations made by Dr. Grant in the fall of 1898 indicate that the basal] quartzyte is more nearly s constant 


member than is above supposed. 
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The iron bearing strata, and all the members of the Animikie, pass evenly 
across the area represented by this plate, as far as known, with the exception of the 
slight irregularities in the Pokegama quartzyte above noted. The dip is slight, or | 
almost flat, giving these strata greater width in their surface extent than at points 
further east. 

The survey of this area having been made prior to the developments of the 
important mines, now in vperation at and near Hibbing, and before the railroads 
were built, it is impossible, without Tfurtker examination, to give the details of the 
geology. The following mines are in operation within the avea of this plate: 
Mahoning, Hull, Rust, Burt, Day, Pillsbury, Sellers, Penobscot. 

The following hand-samples of the rocks of this area were collected by Mr. 
Spurr: Nos, 1385, 2058, 2068, 2078, 2088, 2108, 2115, 212S, 2138S, 2145, 2155S, 2168, 
2175, 2188S, 2198, 2208, 2218, 2228S, 2288, 2248, 2258, 2265, 2278, 2258. 

For descriptions of thin sections of some of these the reader may consult Mr. 
Spurr’s report* on the Mesabi iron-bearing rocks, also another portion (vol. v) of this 
report, under petrographic geology. 

Mr. Spurr has shown that the iron ores of the Mesabi iron range have resulted 
from a metasomatic alteration of a rock having in the main the composition of 
glauconite. Inasmuch as one of the series of rocks on which he based this conclu- 
sion were derived from the area of this plate, it is appropriate to give in brief the 
method of the examination, and the steps of the process through which the change 
has been carried on. 

The macroscopic examination consisted in the selection of a series of over two 
hundred samples from all parts of the range, and the classification of them accord- 
ing to their outward appearance without microscopical or chemicalaid. He grouped 
these specimens into thirty-two phases. Many of them differed but little from one 
another, but as they manifested slight variations, and might have come from differ- 
ent sources or directions of alteration, they were all enumerated. He had, for 
instance, six forms or types of iron ore,—magnetite, hard crystalline hematite, friable 
granular crystalline hematite, earthy hematite, and earthy lhmonite or gcthite. 
The rocks were equally differentiated on the basis of their macroscopic characters. 

These thirty-two phases were found to be capable of a general grouping into 
eight classes. They also grade into each other, and the classes also have points of 
consecutive alliance. In short, the appearance showed that the phases are derived 
one from the other, and in nearly all of the specimens the change could be seen in 
progress. Frequently two or more phases could be seen in a single specimén, the 
line separating them being irregular, or the two phases being inter-banded, some- 
times in several alternations. Sometimes these bands wedge out and disappear, 


* Bulletin x, pp. 82-89. 
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allowing the union of its neighbors, and sometimes they curve. These variations 
are sometimes ascribable to common weathering, and in other cases they are more 
deep-seated. By careful comparison the relative ages of the different phases were 
sometimes established. One phase could be seen to pass into another, or into two 
or three others, in the same specimen. Every specimen was thus inspected, and 
after tabulation of the results, and a re-grouping of the observed transitions, it was 
evident that the changes had a definite order, through the whole senes, and that the 
series had a beginning in a certain rock and an ending in iron ore. The commence- 
ment of the series, or the rock from which the various forms of taconyte and all the 
ores are derived, is a granular, green rock, often with a peculiar mottled structure 
(No. 148). It is a hard, green taconyte, sometimes with no visible iron, but usually 
with streaks or blotches of magnetite. 

It would be highly interesting and useful, if it were possible, to assign to these 
phases definite stratigraphic or other structural positions, in order that in the field 
an intelligent search could be made for the end phase of the series, 7. ¢., for the iron 
ore. While it is true that there is a definite progression in a certain chemical direc- 
tion from phase to phase, yet the conditions of exposure to the agents that promote 
the changes are so multitudinous that the series is not, by any means, consecutively 
arranged in structural order. They are much more advanced in some places than in 
others. Even stratigraphically there is only a very broad general succession that can 
be asserted. The iron ores are sometimes higher in the strata at one point than at 
another, although confined to the general taconyte horizon. In the same manner 
the various phases of alteration are found to shift about from top to bottom of the 
iron-bearing member, and no one of them is distinctly referable to a certain honzon. 
The cherty and slaty rocks, however, seem to occur in large bodies in the upper 
horizons, and the clayey and pulverulent slaty rocks are found at the surface at any 
horizon, and lying above the less altered rocks to which they are akin. Ordinarily 
those phases which are near the end of the series, and which therefore represent the 
greatest decomposition, are found near the surface, and, in general, those less altered 
are at greater depths. But the effects of surface weathering and other changes i 
situ cause many irregularities. | 

The microscopic examination of these rocks followed the foregoing general class'- 
fication and gave many confirmatory facts in detail, which led to other interesting 
andimportant conclusions. In this minute search but asmall area could be included 
at once. The various phases were examined. Some of the phases were found in 
close proximity, even in the same specimen, and in the same microscopic slide. It 
was by pursuing the grander phases to their microscopic conditions, where they were 
nearest their nearest allies, that the microscopical evidence was found to bear out 
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the macroscopical conclusions. A group of specimens for such comparison were 
collected on sec. 22, T. 58-20. They are Nos. 2138, 215S, 2178, 219S and 2208S. Eleven 
such groups were microscopically examined. The phenomena of each section were 
carefully noted, and from them the conclusion resulted, in each instance, that the 
phases exhibited in the slide were derived from each other in a certain order, as 
proven by the alterations in the microscopic minerals, and always in the same order; 
that the initial rock in the series was the hard green rock (No. 39 or 53-1) already 
mentioned, made up largely of glauconitic matter, and that by the breaking up of 
this unstable chemical compound resulted oxide of iron and silica, in the main, with 
small amounts of lime and alumina. The iron oxide, being more soluble, was carried 
to other places, while the silica accumulated in greater proportion zn situ, making 
the siliceous and cherty rocks that characterize the lean ores. Chemical analyses 
were made to check most of the microscopical conclusions. The following extract 
from Mr. Spurr’s report shows the nature of the microscopic characters studied, as 
well as the thoroughness with which the research was conducted: 


Section 217. This is nearly identical, both macroscopically and microscopically, with No. 125. In the 
hand-specimen it is dark-green, very faintly spotted and contains small blotches, bands and spots of magnetite. 
There is an irregular jointing, but no cleavage; the fracture is conchoidal; the specific gravity rather high. 
Under the microscope, the spotted-granular structure is well shown. The granules are rounded, subangular, or 
irregular, and are closely crowded together. They consist mainly of the compact green chloritic* substance 
described in Nos. 39, 125, and other slides, together with actinolite, magnetite, hematite and siderite. Magnetite, 
in very small crystalline grains, and with associated hematite, is usually scattered sparingly through the gran- 
ules, but is in places concentrated as described in the hand-specimen. The process of granular-brecciation is 
seen to be going on in some parts of the section, where the large, angular granules are sometimes cracked and 
seamed by fissures of varying width; sometimes separated into distinct smaller granules by an enlargement and 
continuation of these fissures; and again further separated and rounded, but their general outlines continuing 
such that they nearly match one another. 

The green chloritic mineral has never any crystal outlines, but it encloses crystals of magnetite, and in 
places, under high power, it is seen to contain many very minute clusters of pale green, pleochroic actinolite. 
It is slightly pleochroic, varying from lighter to darker green, and often shows an irregular cracking. In places 
this mineral occupies the whole of the granules; in other places it becomes filled with silica in spots and fissures; 
then it is reduced to form a kind of network around the silica; and finally the granule is composed almost entirely 
of silica, with only a few dust-like grains, giving a cloudy greenish appearance, to mark the existence of the 
chloritic substance. From the chloritic granules to the siliceous granules, there is every conceivable gradation, 
and one runs into the other so that it may be seen to be a processof metasomaticchange. Inthe freshest phases 
the chloritic substance is marked only by a slight mottling of lighter and darker green. Soon, however, there 
appear scattered through it curious small dark rings. By nice adjustment under a high power the real material 
of the ring is seen to be a very narrow band of transparent silica. It is extremely fine, and varies from an 
apparently amorphous to a finely cryptocrystalline or chalcedonic nature. The number of these rings rapidly 
increases in the next stage, till the whole surface is covered with them. They grow larger, too, in both directions, 
so that on the outside they meet and unite, forming compound rings, and rosette-like forms, and on the other 
side the material inside the ring becomes smaller. It also becomes darker in color than at first, apparently from 
a growing excess of iron, in some cases becoming quite opaque. In the next stage the change has gone on till 
the silica has usurped most of the space in the granules. The chloritic substance, grown darker and nearly 
opaque, forms a compact network around the silica. The chloritic centre of the rings has in most cases disap- 
peared, in others is represented by a very small patch of ferruginous clayey material. By this time the silica has 
often assumed a distinctly chalcedonic nature. It is usually made up of fibres that radiate from the inner core 
of the ring, or, if this has disappeared, from the centre of the circle, and terminating at the circumference. In 
proportion as the circle grows larger and tends to unite with others this fibrous structure becomes obscure and 
passes into a semi-crystalline condition, in grains that have an undulatory extinction and low polarization colors. 
{n the last stage the chloritic substance has disappeared, and the silica occupies the whole granule, except for 
the cloudy residuum which gives it a color sufficiently distinct to contrast strongly with the colorless silica of the 
interstices. The silica at this time is semi-crystalline, semi-chalcedonic. Only occasionally are the traces of the 


*The substance here referred to as‘ chloritic’’ was afterwards discovered to be glauconitic. 
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fibrous arrangement met with, and yet there is no firm crystalline structure. There seems to be a tendency, 
however, for each of the original rings to form, when crystallized, a distinct grain. There may be found single 
granules which represent each a stage of the process of change described, but usually all the stages are seen going 
on in the same granule, passing from the nearly pure chloritic substance to nearly pure silica. Actinolite forms 
a small part of the section, perhaps five per cent. It seems to be invariably of secondary origin, since it is found 
chiefly around the edges of the granules, from which the crystals radiate into the inter-granular spaces. 

Although the chief method of silicification of the granules is by the process described, there is an 
important auxiliary. In many cases silica which is probably foreign to a granule penetrates along cracks which 
have been produced by some movement in the rock, and enlarges them by wedging and by replacement of the 
wall-material; and in this way continually divides the granule into fragments. Cracks which traverse the whole 
rock, on the other hand, usually give rise to impregnation veins, along which chiefly magnetite, with some 
hematite and calcite, is concentrated. 

That the silica which takes the place of the chloritic substance is formed from its decomposition, and not 
from replacement, is shown by the method of distribution of the change, in that it does not begin at the periphery 
or in mechanically weak places, but appears simultaneously in al! parts of it; so that portions remote from other 
silica and outside influences are quite as much affected as any. Moreover the separation of earthy iron oxide, 
coloring the remaining chloritic substance a dark-brown, is proof that a decomposition has actually taken place. 

Conclusion. This rock is near the beginning of the typical series of change. As in other similar sections, 
the original rock seems to have consisted chiefly of a chloritic substance. In the decomposition of this sub- 
stance there has resulted the separation of free silica together with iron and the more soluble salts. These 
soluble materials were almost totally leached out; the iron, less soluble, was taken into solution and mainly 
deposited near by, and is represented by bands and blotches of. considerable size and frequency. What few car- 
bonates are scattered along the microscopic impregnation veins are probably also derived, through this change, 
from the original green chloritic substance. They are chiefly calcite, probably magnesian. The processes 
observed in this rock, it will be seen, have gone on under conditions of comparative freedom from modifying 
highly oxidizing forces. Had the supply of these been somewhat greater, and yet not great enough for complete 
oxidation, the iron would have separated as carbonate, and in this form would have occupied more of the bulk 
of the rock. This carbonate would probably be afterwards replaced by silica, by reason of its greater solubility. 
In the rock under consideration waters bearing carbonic acid had slight access, and so separated silica is the 
most noticeable result of this change. It is this silica, taken into solution and carried down into the rock below, 
that would in turn replace the carbonates formed under our supposititious conditions. 

An analysis of this rock gave the following results: 


Analysis of No. 2178 (Chemical series No. 241) by Alonzo D. Meeds. 


Per cent. 

Silica (Si0,),_—- - - - - : = : : : 2 7 56.28 
Sesyuioxide of iron (Fe,O,), : : 3 : : : : . 3 : 15.25 
Protoxide of iron (FeQ), - : 2 : : 2 : - : , 18.28 
Alumina (Al,O,),  - z . - e ; : ‘ : . : 399 
Lime (CaQ),- - - - - 5 : 2 : : : : 98 
Magnesia (MgO, - - - - . é : : : . Wp) 
Soda (Na,O), - - - . - : : : : ; 5) 
Loss on ignition, - : 7 Z ‘ . ; : ; : ; 475 

Total, - - - - - - : : 2 = : 2 99.75 


It must be remembered that this analysis is independent of the iron which has been concentrated into 
spots and bands. Its place has been filled with silica. Nearly all of the iron which has become separated by 
decomposition of the silicates has been removed in this way. In any attempt to estimate the exact composition 
of the original rock this must be reckoned, and the corresponding amount of silica deducted. 


The change which is described in rock No. 2175S is illustrative of what has per- 
vaded the whole iron-bearing member. It is a metasomatic change affecting strata 
whose greatest thickness seems to be nearly 1,000 feet. The removal of the protoxide 
of iron by solution and its concentration at certain favorable points where oxidation 
was more easy and rapid, resulting in the ore lenses that are now well known, was & 
process that probably began as soon as the material was consolidated into a rock, was 
essentially completed in its present aspect in pre-Cretaceous time, but has continued 
to the present, and there is room for its continuance for very along timeyet. The initial 
cause of the change is the chemical instability of glauconite. The protoxide of iron, 
even under very feeble atmospheric influences, rapidly changes to sesquioxide, and 
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with the lapse of sufficient time this alteration will penetrate to great depths under 
normal and steady conditions. But when, by reason of unusual conditions, the process 
is hastened, then locally the extremes of the alteration are produced in marked abun- 
dance, and even in close proximity. If these unusual conditions are continued long 
enough, there result large bodies of these end products, viz., iron and silica. Such 
unusual conditions seem to have prevailed on the Mesabi Iron range in some places 
and not in others, viz.: (1) Rock movements, producing a shearing and slatiness in 
the original rock, allowing the rapid entrance of the agents of alteration to greater 
depths; (2) More profound and catastrophic changes in the structural relations of the 
strata, such as a fault-line, or an uplift bodily of the strata over a certain belt; (3) 
Accidental juxtaposition of strata by whose atmospheric destruction the chemical 
agents are abundantly supplied locally to the iron-bearing member. These excep- 
tional conditions have united sometimes, and have augmented or modified each 
other’s products; for instance, the gray limestone stratum which directly overlies 
the iron-bearing member with a thickness of ten to fifty feet, by its solution and 
removal has furnished not only calcareous waters, but also carbonated and sulphu- 
rous, introducing calcite and pyrite into their alteration products. 

While these slow chemical changes are going on the main structural features 
are preserved throughout the mass of the rock. After the changes are completed 
the rock exhibits still nearly all the outward aspects of a sedimentary rock. The origi- 
nal clastic composition is, however, entirely destroyed, and the products are held in 
place by the crystallization of the secondary minerals. In the main the secondary 
products simulate, in this structure, as they are partially governed by them in assum- 
ing their positions, the original structures of the rock, but there is one important 
result which needs to be specially mentioned, as it constitutes a marked exception. 
The breaking up of the green glauconitic rock into silica and iron, with some car- 
bonate and actinolite, produces a banded structure, under the action of the varying 
solubilities, which is well known as jasper or jaspilyte. According to Mr. Spurr the 
banded jaspers, such as those seen in the Vermilion Iron range on a grand scale, and 
rarely in the Mesabi Iron range, have resulted from a metasomatic breaking down 
and total change in that which is typically known on the Mesabi range as taconyte 
jasper (or taconyte). Mr. Spurr explains by the same general process, continued 
through long lapse of time, all the structures seen in the Mesabi iron-bearing rocks, 
such as jointage, cleavage and horizontal banding or bedding. The last is that which 
simulates sedimentary structure and which has usually been considered as such. 
This structure prevails not only in the partially altered rock but in the ore that is mined. 

In another place the question of the origin of the Mesabi ores, and their analo- 
gies and contrasts with those of the Vermilion range, is considered in this report. It 
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is only necessary here to add that the research of Mr. Spurr, conducted with thor- 
oughness and originality, making it a model of inductive geological investigation, 
seems to have settled conclusively the question of the ongin of the Mesabi ores. 
The writer had concluded, after his first survey in the field about the time that Mr. 
Spurr began his field-work, that no adequate solution of that question had yet been 
proposed,* although all the theories applied to this ore had some facts that served as 
a basis on which they were severally constructed. There are minor steps in his chain 
of evidence, not essential to Mr. Spurr’s main conclusion, that may be considered yet 
of doubtful validity. Such are (1) The existence of a fault-line of important dimen- 
sion in the Virginia area; (2) Brecciated character of the Joose ore, etc., to which he 
refers to substantiate the hypothesis of a fault at Virginia; (3) The non-sedimen- - 
tary structure of the ore and of the iron-bearing rock, and (4) The assignment of the 
kaohnice residue, without exception, to the ore-bearing formation. Some, if not all of 
it, is probably of Cretaceous age. A few doubtful determinations of the minerals in 
the microscopic thin sections will be found discussed in the chapter on the petro- 
graphic geology of the northeastern part of the state. 


{In the fall of 1898, Dr. Grant made a brief examination at Hibbing. From his notes the following facts 
are derived: At the Pillsbury mine, where is seen some open pit work, the ore dips to the southeast at about 
15°, varying somewhat. In the underground working there is a drift running west from the shaft about 800 feet, 
cut in ore. The floor of this drift is taconyte rock underlying the ore, ascending toward the west at an angle of 
about 6°. The drift runs at the bottom of a broad syncline, and cross-cuts in either direction rise from the 
level of the drift at a moderate anyle, their floors also consisting of taconyte. 

At the Mahoning great open pit, the ore dips off pretty regularly, with only small variation, toward the 
south or a little east of south at an angle of 8° to 10°. This mine exhibits the largest open pit now in operation 
on the Mesabi range, the ore being handled by steam shovel and dumped directly on the cars at a minimum cost 
for mining. It is located a mile and a quarter west of Hibbing. There are several other mines to the southeast 
and south from the Mahoning, which are so situated that it is probable that they are on the same ore body as the 
Mahoning.] 


*N. H. WINCHELL. Some problems of the Mesabi iron ore. American Geologist, 10, 169, 1892. 
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CHAPTER XVII. 


THE GEOLOGY OF THE MOUNTAIN IRON PLATE OF THE 


MESABI IRON RANGE. 
(PLATE 74.) 


By N. H. WINCHELL. 


The first important discovery of iron ore on the Western Mesabi range was made 
at Mountain Iron, November 16, 1890, by Capt. J. A. Nichols, of Duluth. Several 
explorers had examined the siliceous out-cropping which lies near the granite on 
this property, and had made some attempt to prove its value, but no one had been 
satisfied with the results. When, however, some shafting was done at points a short 
distance south from this cropping, the pick soon entered a rich soft hematite below 
but a few feet of drift materials. The structural relations thus revealed are 
expressed by the following diagram. 


Depth SO ft. 


a 


‘7 (a — ig — 
. 
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FIG. 62. ORIGINAL SECTION AT THE MOUNTAIN IRON MINE. 

Although the relations of the ore horizon to the jaspery taconyte are plainly 

revealed here, and were afterwards observed at many places with equal distinctness, 


it required long and careful study, preceded by field examination at many points, 
25 
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to arrive intelligently at the conclusion that a principal member of the formation 
was transformed into iron ore by the slow process of chemical change and under- 
ground transportation. 

The crystalline rocks. As usual the crest of the Giant’s range 1s composed of the 
crystalline rocks. But in T. 59-18 a considerable area of Keewatin and crystalline 
schists rises to compose the summits of this range, reaching the hight of 1,850 feet 
in section 26. The slopes toward the north are sometimes abrupt, indeed they are 
uniformly more steep than toward the south. Northward from the summit of this 
hill range no rock is known within the area of this plate, except the Archean 
granites, gneisses and schists, and granite is the prevalent rock along the range 
itself. This has plainly been intruded within and modified the Keewatin schists, 
producing by the contact metamorphism the formation called Coutchiching. The 
characters of the Keewatin are not known to be different in the aggregate from those 
seen and described in other places, particularly in connection with the Vermilion 
Lake plate (No. 86). The Coutchiching or crystalline schists are micaceous, rarely 
hornblendic. Sometimes they are quite light-colored and strongly schistose (No. 
60S) with abundant glittering small muscovite scales. In other cases it is much 
darker, firmer and apparently is composed largely of biotite. It then has cores or 
small, faintly pink areas in which other minerals are crystallized (No. 598), and 10 
which the schistosity is wanting. These more massively crystalline small eyes are 
probably due to the same causes as the gneissic aspects which are largely developed 
in the northwest area of Vermilion lake (compare the Vermilion Lake plate No. 86), 
and which introduce a regional metamorphism which extends sometimes over 
several] miles, or even several townships. 

The southern decline of the granitic surface is probably more steep than the 
northern, but it is covered by the Animikie, which renders the actual surface slope 
much more gentle. 

The Pokegama quartzyte, which lies nonconformably on the Archean, has a vary- 
ing thickness. Indeed, it is sometimes apparently absent, and the iron-bearing strata 
come into contact with the crystalline rocks... There is reason to suppose that, in 
some places, the quartzyte is only a phase within the iron-bearing member, confined 
to the bottom of the Animikie, and that normally the quartzyte is not a continuous 
formation. Sometimes it is coarsely granular with quartz grains. These grains are 
apt to be cemented into a dense rock by secondary silica, or stained by ferric oxide. 
Indeed, they are sometimes so completely charged with iron that the rock constitutes 
a siliceous lean ore, and it has been explored with hope of economic profit: Such 
ore is found on the Republic property, sec. 4, T. 58-18, next adjoining the Mountain 
Iron. This ore becomes disintegrated, making a pisolitic mass, which, sometimes, 
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having lost the silica by subsequent solution, consists of more or less cavernous, 
odlitic balls and hollow grains of hematite. Considerable quantities of such ore are 
mined. It cannot be said to result entirely from the disintegration of the upper 
part of the quartzyte after the substitution of much hematite, but probably also 
comes in part from the lower part of the iron-bearing member proper, since it also 
sometimes shows a loosely pisolitie ore embraced in a matrix of secondary silica. 

The taconyte stratum proper is very productive within this area. Here are 


located the following mines: 
Mountain Iron. 


Rathbun. 
Sniveley. 

The ore horizon, ’. ¢., the rock which by its disintegration gives rise to the Mesabj 
ores, 1s several hundred feet in thickness. The ore is not uniformly disseminated 
through it, but occurs in irregular lenses where favorable conditions have facilitated 
the chemical processes that break up the original glauconite. Under normal condj- 
tions they prevail near the bottom. This process began in early Taconic time and 
has continued to the present day. There is no doubt that large quantities of the 
resultant ore have been lost by erosion and superficial transportation. The process 
was far advanced when the region was submerged by the Cretaceous ocean, and still 
turther when the Glacial period supervened, This ore stains the drift for many miles 
south of the range, especially along the valleys of the St. Louis and the Mississippi. 
Great thicknesses of red laminated clay are seen in their bluffs. The loss which the 
Mesabi ores suffered by the glacial abrasion and aqueous transportation was probably 
greater than all the ore that now remains én situ. On the other hand, the excess 
of surface waters that accompanied the (lacial epoch must have found access to 
the rock through many new channels, facilitating and extending the chemical 
changes that produce the ore, and this tended to compensate for the loss by the 
generation of new ore bodies during the prevalence and since the withdrawal of the ice. 

Lhe Mountain Iron mine occupies a basin situated in the western portion of see. 
3, T. 58-18, elongated nearly north and south, but draining toward the south. The 
northern, western and eastern rim of this depression is formed by hard rock, and 
granite is found not far toward the north. The basin seems to be due to some 
shrinkage or erosion of the rocks of the Animikie, which rocks are in outcrop more 
or less along the southern border of the granite, having a high dip toward the south, 
or standing nearly vertical. At the mine the ore alternates somewhat with an 
impure ore, or taconyte, both having a dip which sometimes reaches 25° or 30° toward | 
the west, well marked and constant, but sometimes is nearly flat, and which also 


varies to’ the south and southeast, and locally also changes to the north. 
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The ore is frequently pisolitic (No. 2187), and concretionary, and in some few 
instances grains of quartz are at the centres of the pellets. It is also breccia-pebbly, 
in hard and firm masses, resembling a conglomerate, but this 1s due to the partial 
alteration of a once jaspery rock. The residuum of this rock is in the form of Jaspery 
pieces in the leaner ore, about a quarter of an inch thick, flattened, and about an 
inch and a half in length. These are siliceous and light-colored in some places and 
more hematitic in others. In other places can be seen a curious fine sand, mainly 
ore, and shipped with the ore, though evidently of lower grade, each grain of which 
is compound, the round, odlitic, separate pieces of which are about as large as a 
mustard seed. The outer scale, or case, is hematite, and sometimes the most of the 
whole is hematite; but usually the interior is composed of a mass of finer grains, 
mainly siliceous and compacted, enclosed in the scale of hematite. Such ore lies in 
a regular layer in the stratification, and is about two inches thick; but similar round, 
odlitic material is to be seen disseminated largely in other beds above, and includes 
about two feet of the ore itself. 

At the Mountain Iron mine, the ore has been locally torn up by glacial action, 
and superficially large masses of drift materials are mingled with the ore. Theseare 
visible along the west side of the excavation. One mass of gravelly drift is about 
eight feet, and another about twelve feet, deep, varying from three feet to five feet 
wide. The appearance here is that of channels cut in the soft ore body by west- 
flowing streams in the ice age, or near its close, subsequently filled with drift. This 
is indicated by the non-disturbed condition of the ore body adjacent to the drift. A 
still more remarkable instance of the action of the drift agents on the ore was 
encountered at the Fayal mine, described in connection with the Virginia plate 
(No, 75). | 
The black slates of the Animikie are so hid by drift that it is impossible to state 
their characters, but they are not supposed to vary in any respect from descriptions 
that are given in connection with other plates. 

Cretaceous beds are known to exist at some points within this area, and they 
probably spread much more widely than is now known. On the plate a small area 
is represented in sec. 20, T. 58-19, and another at the corners of secs, 2, 3, 10 and 1] 
in T. 58-18; it is also known in sec. 18, T. 58-18. It is not clear but that some of 
the soft, greenish and white, clayey and kaolinic: specimens, which much resemble 
the leached conditions of the taconyte proper (such as specimens Nos. 895, 908, 915 
and 92S) may be of the Cretaceous. The Cretaceous being well known for its 
glauconitic character, it is plain that on decay the same changes, attended by the 
same phenomena as in the taconyte, might take place. That during the prevalence 
of the Cretaceous ocean a green sediment was accumulated is shown by the gree 
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matrix that embraces the coarse pebbles of the conglomerate (No. 618), and by the 
fossiliferous shale (No. 1458S). This sediment is generally reddened by ferric 
oxide (No. 1398), or replaced by a dark, cherty secondary silica (No. 62S) which 
constitutes then a very firm conglomerate. As already intimated it is possible 
that some of the altered rocks that have been referred to the age of the Taconic are 
of the age of the Cretaceous. ' 

The Drift. There is a heavy drift throughout most of this area. Toward the 
south the surface is smooth and consists of fine siliceous and clayey, often laminated, 
materials, evidently the product of wash from the drift lying further north, dating 
from the Glacial epoch, in the main, but augmented by powerful erosion and _ trans- 
portation at the close of the Glacial epoch, and immediately thereafter. Along the 
belt of country specially known as “the range,” the immediate surface is rolling, 
and, even when flat, is plentifully strewn with boulders. This is a peculiar feature 
of northeastern Minnesota. The nature of the immediate surface leads one to 
expect that the drift materials below the surface are coarse and probably morainic, 
with much gravel. But such is not generally the case. The drift is clayey till, and 
the boulders are not abundant. It appears therefore that the great frequency of 
boulders on the surface of this till must be accounted for in the main by superficial 
degradation since the till was left by the glacier. It may be considered doubtful 
whether a marginal moraine in the proper sense can be said to have been formed 
along the Giant’s range in the area of this plate. This rough and stony tract has, 
however, been considered to be the extension of the Mesabi moraine, and that inter- 
pretation can be accepted till more time can be given to this subject, with special 
reference to its relation to the Mesabi morainic, as known further west. Toward 
the north the granitic area is rather thinly covered with till and little-washed 
gravels which only in small degree determine the topographic contours. 


Rocks collected in this area are the following: 

Series of J. E. Spurr: Nos. 578-608; 62S-698; 71S, 72S; 748; 798-818; 845, 858; 898-938; 96S-101S; 
1088-1378; 1398-1568; 170S, 1718; 1748S. 

Series of N. H. Winchell: Nos. 2135-2142. 

Series of U.S. Grant: Nos. 1073-1079. 


_ er 


CHAPTER AVI. 


THE GEOLOGY OF THE VIRGINIA PLATE OF THE 
MESABI [RON RANGE. 


By N. H. WINCHELL. 


Within this area the rocks of the Mesabi Iron range suffer a remarkable irregu- 
larity of strike. They forma loop toward the south, constituting thus the periphery 
of a spur of the Archean, which projects southerly from the main area a distance of 
about seven miles from their normal course. The southern end of this spur is high 
and precipitous, reaching a hight of 1,950 feet above tide. While the most of this 
spur is composed of Keewatin rocks, yet two isolated areas of crystalline rock are 
found in it. Between these the land is depressed, forming a low valley drained by 
the Pike river northward to Vermilion lake, the stream interlocking in its upper 
reaches with others that flow southward. Along the Giant's range proper the land 
rises still higher. In sec. 28, T. 59-17, it is in the form of a narrow ridge running 
east and west about a mile and reaching the elevation of 2,150 feet at its crest. 
Another isolated and sharp elevation is about two miles further southeast, which 
rises to the hight of 2,000 feet. On the east side of Pike river, north of Embarrass 
lake, is an elevated plateau or range of granitic rock. Eastward from this is the 
great gap in the Giant's range, through which the Embarrass river passes southward 
to the St. Louis river. The southeastern portion of this area is quite monotonous, 
and is covered by a thick sheet of drift. 

There are several quite novel and interesting features connected with the 
geology of this area. 

The Archean, The later date of the granite than of the Keewatin schists 1s 
made evident by an inspection of the contacts. Not only does the Keewatin become 
crystalline, making mica schists in the vicinity of the granites, but small isolated 
parts of the schists are surrounded and more or less transported by the granite. 
These crystalline conditions are represented by rocks Nos. 448, 45S and 46S. The 
granite also occurs as protrusions in the schists. The more distant granitic areas, 
which are isolated and entirely surrounded by the schists, occurring in the southward 
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spur of the Archean, show the underlying, widespread prevalence of the granitic rock 
when in a molten condition, and indicate that the Giant’s range of granite is ‘some- 
thing more than a single dike-like intrusion. It 1s rather of the nature of a result of 
extended dynamic action, resulting in widespread transformation of the rocks, the 
granite being,.presumably, the extreme product of such action. 

The spur of the Archean, already mentioned, therefore existed from the date of 
the activity of the granite as an intrusive. It is probable that onginally the iron- 
bearing strata covered this spur with something of an upward swell in the surface. 
The spur has been uncovered by reason of its greater exposure to glacial and other 
destructive agents, and this leveling action has thrown the present out-cropping edge 
of the Animikie far to the south along its flanks. 

The direction of this Archean spur is about parallel with two others that are 
now imperfectly known along the Giant’s range, viz., northeast and southwest;* and 
this is parallel with a system of the grand structural features of the northeastern 
part of the state—indeed, of the whole state and of the world.t It shows the pni- 
mordial date at which the embryonic earth began to take on its permanent foldings, 
for these short spurs of the Giant’s range are only offshoots from the greater range 
which also maintains its general east-northeasterly course. 

In the special report on the. Mesabi Iron range Mr. J. E. Spurr has supposed 
that a profound fault line, perhaps two of them, crosses this area, the westerly one 
lying along the west side of this spur, passing through the region of the principal 
iron mines at Virginia, this acting as a line of structural and of chemical weakness 
in the rocks which facilitated the greater accumulation of ore,t and the eastern one 
approximately along the valley of Pike river, so far as that valley lies within the 
area of this spur. But the data on which he relies for this hypothesis are hardly 
sufficient, nor are they necessary for the establishment of his principal theme. The 
known rather erratic and wholly inexplicable distribution of the ore bodies in the 
taconyte horizon, and even the mapping of the same by Mr. Spurr in secs. 8 and 
9, T. 58-17, where the supposed fault line is assumed to be occupied by an unusual 
accumulation of ore, are sufficient to account. for the existence of the taconyte rock 
in the vicinity of Virginia, at irregular and unexpected horizons; while the supposed 
fault breccia, which is described at a few hundred paces north, at the Lone Jack 
(now the Oliver) mine, is probably a part of the basal Cretaceous of the region. This 
deposit is a somewhat angular or sub-rounded gravel of debris from the rocks of 
the region, but at the Lone Jack mine it is naturally almost wholly of taconyte, in 
the main converted to ore. It occasionally shows an indistinct, nearly horizontal 


*Grand Rapids plate (No. 71); Partridge River plate (No. 76). 

tA. WINCHELL. The Diagonal System in the Physical Features of Michigan. Amer. Jour. Sci. (iii), vi, 36, 1873. 
J.D. Dana. Manual of Gevlogy. First Edition, p. 30, 1864; and subsequent editions. 

$J.E. Spurr. The iron-bearing rocks of the Mesabi range. Bulletin x, pp. 17-22, 1894. 
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stratification. The pebbles are rather soft, and much of their angularity is due to 
subsequent breaking along the joints which preéxisted in the taconyte. But many 
of them are wholly rounded and smooth, shining with the black irony coating 
peculiar to the irony balls that lie on the western plains, or that have been subject 
to long repeated wet and dry along the lower reaches of the Mississippi beyond the 
drift latitudes. From about a quart of this iron gravel, after washing, there were 
selected easily six stones of quartz and granite. These characters certainly remove 
it from the category of fault breccia, and rather strongly ally it with the Cretaceous 
which is known to occur about a mile and a half further northwest. The irregularity, 
therefore, which throws the strike of the iron-bearing strata so far to the south had 
its origin and date in pre-Taconic time, and not since the formation of the Animikie. 
It might still have been the cause of locally greater accumulation of iron ore at the 
Virginia locality. For instance, both before and since the Cretaceous there was a 
superficial gathering of water in the Virginia valley. The elevated Archean to the 
north and that to the southeast formed a col in which surface drainage gathered, 
opening toward the southwest, and from which, as now, smal] streams carried away 
the mineralized waters, leaving as residua the leached rocks of the taconyte in their 
various forms, and the ore bodies. The littlestream at Eveleth, passing through the 
Adams ore body, indicates the same relations and the same cause for the greater 
- production of ore at that place. The ore bodies at Biwabik and McKinley are also 
in the lines of the courses of streams at the present time, and these little valleys are 
probably near the lines of pre-Cretaceous drainage, which served the same purposes 
as those of Virginia and at Eveleth. Other present streams are probably of post- 
Glacial date, and are determined by the pose of the drift. This relation of present 
drainage to the ore bodies is significant, and suggests the propriety of thorough 
exploration along other valleys where ore is not yet discovered. Of course, in the 
case of a merely post-Glacial valley but little or no ore could be expected to have 
been generated. It would be only in valleys that had a pre-Glacial existence, and 
in which post-Glacial streams have been continued. 

The subdivisions of the Archean. It has not been possible to give a careful study 
to the Archean along the Giant’s range crossing the plates of the western Mesabt 
range. The determination of the subdivisions of the Archean was made out further 
east, since the field-work was completed in this area, and it would be necessary to 
review the Giant’s range with some care, to warrant positive assignment of its parts 
to the subdivisions known further east. However, Mr. Grant made some observa- 
tions at a series of rock-cuts within a mile east of Mariska, 7. e., in secs. 15 and 22, 
T. 58-17, along the Duluth and Iron Range railroad, which seem to show the sepa- 
rate existence of the Upper Keewatin, the Lower Keewatin and the intrusive gran- 
ites, all earlier and unconformable with the ore formation of the Animikie, 
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The eastern cut is perhaps 100 paces in length. The rock is greenstone, fine- 
grained, roughly schistose, and in places almost slaty. These structures are about 
vertical and strike N. 45° E. (mag.) In places the rock has fragments and changes 
of color almost like itself. In other places it is perfectly massive except for the 
schistose structure, with no appearance of bedding (No. 1091G). But on examining this 
cut further, and on going on top of the rock where the weathered and glaciated surface 
is exposed, the rock is seen in many places to be a regular conglomerate. This char- 
acter comes out especially at the east end of the cut, on account of the greater num- 
ber of the boulders and because of less similarity to the matrix. At and near the 
east end of the cut the conglomerate is distinct. The pebbles are well. rounded and 
are often drawn out in the direction of the schistosity; and there is some faint evi- 
dence of bedding which runs with the schistosity. The pebbles are of all sizes up to 
a foot across, but commonly are an inch to three inches. There are various sorts, 
the following being especially noted: (1) Coarse granite, like the Saganaga granite; 
(2) Finer gray to pinkish granite; (3) Quartz porphyry; (4) Red, black and gray flint; 
(5) Graywacke, black slate; (6) Red, porphyritic rock; (7) Several varieties of dioryte- 
like rock; (8) Quartzless porphyry. 

Just south of the track, and about 150 paces west of the above cut, is a knoll 
of rock, which, where examined, isa gray granite or quartz porphyry, even resembling 
somewhat the recomposed granite that lies on the real granite at Saganaga lake 
(No. 10938G). It is probably, however, an igneous rock, but whether older than the 
above conglomerate cannot be stated, although probably older. 

Qne-fourth mile further west is a long cut in black to gray slaty argillyte 
(No. 1094G), and graywacke (No. 1095G), the distinct slaty structure being about vertical 
and striking N.80° E. (mag.). The bedding at the cut is about with the cleavage, but 
elsewhere the rock shows much folding, and the slate layers are broken and twisted 
and enclosed inthe graywacke. Most of the fragments in the rock seem to be referable 
to fractured and sheared slate, but one distinct fragment is of fine-grained dioryte. 

About a fourth mile east of Mariska station is another cut. Here the rock is 
a slate and graywacke similar to the last, with a cleavage stnke N. 50° to 65° E., 
nearly vertical, and bedding agreeing in general with the cleavage. Appearing in 
irregular masses in the slate, and in sharp contact with it, is a gray porphyritic rock 
(No. 1096G). The contact is usually along the strike, but in one place runs directly 
across it. The feldspar phenocrysts appear distinctly only on old fractures. At this 
cutis also a considerable amount of rock of No. 1097G, which appears to be part of the 
graywacke-slate formation, but which closely resembles, except for the paucity of 
phenocrysts, the porphyry (No. 1096G). These both contain, like the argillyte and 
graywacke, a considerable amount of pyrite in scattered crystals, causing the rock to 
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weather red. In this, and in the different color of weathering, these rocks differ 
from rock No. 10938G, which weathers smooth and nearly white. 

A provisional interpretation may be made of this series, by assigning the gray- 
wacke and slate, and the associated conglomerate, to the base of the Upper Keewatin 
as described in the Lake county chapter, and the rock No. 1098G, to an early intru- 

sive, belonging in the Lower Keewatin. The pebbles in the conglomerate at least 
~ show what formations preceded the conglomerate, and will not allow the assignment 
of this series to the Lower Keewatin, so far as known, but at the same time show 
that the Lower Keewatin was present in the vicinity to furnish those pebbles. A 
similar conglomerate occurs further east, and is described in connection with the 
Dunka River plate. 

The Animikie strata in this area show certain other irregularities. There isa 
small isolated area of quartzyte and taconyte well to the north, forming a Knoll that 
rises to 1,850 feet above the sea, or within 100 feet as high as the highest part of the 
Archean spur. This is at the base of the Archean spur (sec. 36, T. 59-17), and 
detached about two miles from other similar rock. It shows that at one time the 
Animikie strata must have been continuous over. the intervening area of Archean, 
and hence over the whole spur. 

There is another, smaller, upward swell of the Animikie strata further east, 
probably dependent on another Archean spur, from which the Animikie has not yet 
been denuded, viz., in sec. 4, T. 58-16. The quartzyte and taconyte here swell up 
through the slates which, as represented by Mr. Spurr, extend entirely round them 
to the north, although actually overlying them, forming a small synclinal between 
the Keewatin on the north and the basal quartzyte on the south. 

In Other places, where the quartzyte is known to exist, it is also similarly envel- 
oped by the later taconyte. If this be not due to the same cause, it may be explained 
on the supposition that, after the deposition of the quartzyte, it was buried by the 
later taconyte by the subsidence of the land area, thus bringing the taconyte instead 
of the quartzyte into contact with the Archean, as represented by Mr. Spurr’s maps, 
all along this line of superposition on plate 75. Along with this overlap of the taco- 
nyte, covering the line of strike of quartzyte, there are still such irregularities 
that it is necessary either to suppose local later folding of the Animikie, or inequal- 
ities of the surface of the underlying Archean. It is Mr. Spurr’s opinion that the 
overlap is due to subsidence immediately after the formation of the quartzyte, and 
that the isolated quartzyte areas, enveloped by the taconyte or by the black slates 
and the taconyte, are due to later folding. 

[Note. Later examinations made by Dr. Grant and Mr. J. U. Sebenius in the 
fall of 1898, for the purpose of correcting the general map of the Mesabi range, do 
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not bear out the hypothesis of the subsidence of the region immediately after the 
formation of the quartzyte, but the quartzyte, so far as could be ascertained, holds 
its own place, geographically and stratigraphically, the taconyte lying always above 
it. It is not impossible that some local folding, and subsequent degradation of the 
surface, may cause taconyte to lie to the north of some outcrops of quartzyte, but 
such could not be verified. | 

The Pokegama quartzyte itself is a nearly pure complex of quartz grains, but 
when fine grained it is seen, under the microscope, to embrace a few fragments of 
striated feldspar. When fine, its grains are angular. If it be coarser, it 1s more 
permeable to the downward flow of silica- or iron-bearing water, and it becomes 
cemented by those substances (Nos. 16S and 43S). There are some instances in 
which quartz grains, of the same appearance as those of the Pokegama quartzyte, 
are found sparingly in the taconyte horizon (Nos. 41S and 1618). In one instance 
the Pokegama quartzyte (No. 12S) is so charged with hematite that it might be 
taken for lean ore, and the loosened, light-colored grit alongside does not correct, 
but rather confirms, the impression that the rock is one of the phases of the 
taconyte. It is to be noted as a peculiar fact that the secondary silica which 
cements the Pokegama quartz grains (Nos. 48S, 1633) is sometimes of multiple 
orientation, like that which originates in the decay of the glauconite of the taconyte 
and is deposited at once. In many cases of the secondary growth of quartz grains, 
the rims of growth extinguish with the original grains as was fully brought out 
by Irving and Van Hise,* and later by Calvin,t and that 1s the case in some 
instances in the Pokegama quartzyte of the Mesabi Iron range (No. 15S). Sections 
made from specimens collected at Prairie River falls show the secondary silica 
in optical agreement with the grains (Nos. 1521, 256H, 257H, 261H and 259H), 
as stated by Irving and Van Hise.t It is quite lhkely that when the supply of sec- 
ondary silica was rapid it crystallized from many points, In non-agreement with the 
original grains, and when slow it was oriented with them. 

The exact stratigraphic relation of the quartzyte to the taconyte is still an 
unsettled question. It seems in most places to lie regularly below all the taconyte, 
especially when it is coarse and fragmental. In other cases it is in the midst of the 
taconyte, at least above a stratum of jaspilitic silica. This is particularly the case 
when it is fine-grained (Nos. 1632 and 1640). The quartz then is entirely angular, 
and embraces also angular grains of microcline and of other feldspars, and is perhaps 
wholly a secondary rock. The quartz grains interlock compactly, and exhibit no 


; *R. D. IRVING and C. R. VAN HIsg. On the secondary enlargements of mineral fragments in certain rocks, Bulletin viii, 
Ee S, GC. S., 1884. 
_ +8. CALVIN. Ona new horizon and some new localities for friable sandstone in which the grains are enlarged by secondary 
deposition of silica in optical continuity with the original nucleus. Am. Geol. xiii, 225, 1804. 
} Op. cit, p. 35. and plate IV. 
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rounded contours referable to fragmental origin. The thickness of this quartzyte is 
usually not over fifty feet, and is sometimes much less. 

Limestone. There is a thickness of very calcareous rock, amounting to ten to 
fifty feet, according to Mr. Spurr (Nos. 538, 76S), which lies above the taconyte, 
which seems to have had, in the main, a fragmental origin, but in some places this 
calcareous horizon is not identifiable. Instead of it the taconyte rock, more or less 
flinty, graduates into the black slate with numerous thin alternations, the irony 
mineral being siderite, as seen south of Virginia (rocks Nos. 1087G to 1090G). This 
calcareous rock is difficult to distinguish from some parts of the black slates. It is 
irregularly striped and banded with light and dark gray, like a rock having “false 
stratification.” Its calcareous character apparently fades out gradually upward, and 
sometimes 1s hardly discoverable. It is found characteristically on the south side 
of the road between Virginia and Mountain Iron, in N. W.4N. E. 4 sec. 7, T. 58-17. 
This rock is sometimes much altered and ferrated, and is thus involved with the iron 
ores of the taconyte horizon. Thin as it is, it seems to be nearly continuous over 
most of the western Mesabi. 

The Cretaceous was discovered some years ago in test-pitting in search for ore.* 
Its thickness at no point was ascertained, but it was penetrated about 100 feet by a 
churn drill. It varies from coarse conglomerate to shale. The conglomerate is at 
the base and takes on the characters of the underlying formation, and the shale is 
green. In some places the Cretaceous contains numerous pieces of wood (No. 1045), 
and lignitic beds have been encountered (No. 88S). The following fossil genera were 
identitied in Cretaceous from the Mesabi range, by Dr. C. A. White: Ostrea, Inover- 
amus, Modiola, Pinna, Yoldia (2) Trigonarca, Actwon, Trochus (2) and Fasciolaria, 

“The Yoldia (2) referred to is much like the Y. mierodonta of Meek and Hayden, 
reported to have come from the Dakota group of Kansas. The Jnoceramus cannot be 
distinguished from the J. fragilis of Halland Meek. This is a characteristic species 
of the Colorado formation. For this reason, and because that formation is known 
to be represented in other localities in Minnesota, I think there is little, if any, 
reason to doubt that the deposit from which you obtained these fossils represents a 
portion of the Colorada formation as it is developed in the great interior part of the 
continent.” White.t 

The peculiar “ gravel ore” found at the Lone Jack mine (Nos. 1699 and 1793), 
and at the mines next west, is a form of the Cretaceous conglomerate determined by 
the rapid disintegration and supply of taconyte gravel during the prevalence of the 
Cretaceous ocean. “It exhibits every feature of a promiscuous fragmentary accu- 
mulation. Some of it is completely made up of ore like that of the region, but of 


*H. V. WINCHELL. Note on Cretaceous in northern Minnesota. Am. Geol. xii, 1898, p. 220. 
+ Op. cit., p. 221, 
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rather low grade, and some of it is apparently derived from a rock but little affected 
by ferric oxide. It seems to vary exactly as the rock of the country does, that is, it 
is‘lean’ or not, and its different constituents can be referred entirely to the country 
rock adjacent. The further phenomena of this ‘gorge’ will only be revealed by the 
mining operations that are sure to follow. At the present time this gravel is simply 
overlain by the common till and graduates rather abruptly upward into an irony 
till, and then into gray till. The pebbles are cemented together by a coating of 
ferric oxide deposited on them since they were placed in their present position, 1nd1- 
cating the later supply of some water in large amount, capable of parting with iron 
oxide. Some of the pebbles have an irony crust harder than the intenor, and from 
the crust toward the centre there is an increase of coarseness of texture, even 
becoming somewhat spongy, indicating some progressive change from the cir- 
cumference toward the centre, the whole pebble, however, becoming good bessemer 
hematite, but such pebbles are not common. The great mass of the gravel, some 
of it being coarse as walnuts, consists simply of very irony rock of some sort, of very 
uniform grade throughout. It does not appear that the gravel has become ferru- 
ginated to any great degree since its deposition as gravel. The ferruginous surface 
film is nothing more than such as might be found on any exposed surface over which 
the waters of this region might pass.”* Later than the formation of this black film 
a coating of white silica has been formed in the cavities of this conglomerate (No. 
1793), and this then forms its strongest cementing bond. This is entirely pure and 
unstained by hematite. That this is a transported gravel and not a breccia is shown 
not only by the foregoing characters, but by the occasional occurrence, as already 
stated, of pebbles of quartz and of granite, even in that portion at the Lone Jack 
mine which is thrown out from the pits. This conglomerate in other places con- 
tains but very little iron ore, and has a characteristic green color (Nos. 61S, 86S and 
87S), and is also sometimes indistinctly stratitied horizontally. 
The principal mines of this area are the following: Biwabik, Mesabi Mountain, 
‘Hale, Cincinnati, Oliver, Lone Jack, Fayal, Vega, Adams, Franklin, Ohio, Auburn, Nor- 
man, Minnewas, Commodore, Lowmore, Genoa, McKinley, Elba, Sparta, Duluth, Canton. | 
The Biwabik mine was the first important mine in the area of this plate. It 
embraces the N. W. 4 N. W. 4 sec. 2, N. E. 4 N. E. 4 sec. 3 and the 8. E. 4 N. E. 4 see. 
3, in T. 58-16. The ore body is about half a-mile in length, nearly a quarter of a 
mile wide, and has a depth which sometimes reaches 100 feet, and was, at the outset, 
estimated to contain twenty millions of tons of ore.t+ 
The ore, which has a general southerly dip, with minor east-west folds, is of 
tee quality known as soft bessemer ore, but is partly red and yellow, the largest 


*N.H. WINCHELL. Twenty-first Annual Report, p. 128. 
+The Biwabik Mine: by H. V. WINCHBLL and J.T. JONES. Frans. Am. Inst. Min. Eny., February, 1883. 
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body being of a bluish or bluish-black color. The red hematite is at the bottom of 
the deposit; and the yellow, which is largely goethite, is at the top, or occupies large 
lenses encroaching on the blue ore from above. The Canton mine 1s celebrated for 
its yellow ore. Such ore is, as a rule, too high in phosphorus for the bessemer grade, 

The Biwabik is an open pit, and required 2,893,333 cubic yards of stripping of drift 
materials. The ore is excavated and dumped directly on the cars by steam shovel, 
‘a method which is elsewhere also extensively employed on the Mesabi range. The 
tracks are shifted and lowered from time to time as the shovel completes its course 
through the ore body. The terms of the contract to the lessee require the mining 
of at least 300,000 tons per annum, and the payment of a royalty to the owners of 
d0 cents perton. The ore averages about 63 per cent in iron and .045 in phosphorus. 

The Cincinnati mine adjoins the Biwabik on the east, and only differs from the 
Biwabik in having a large amount of country rock (taconyte) to contend with. 
Indeed, the Cincinnati mine seems to be essentially on the fringe of the ore body of 
the Biwabik, and within its territory the normal rock of the formation again prevails. 
The ore here lies on a sandstone. | 
| One of the trial pits on N. E.4 N. W. 4 sec. 2, T. 58-16, struck an interesting 
form of the taconyte, which at first was considered as “black slate.” It is a form 
taken on by the taconyte in the process of chemical alteration and transition to ore 
(No. 1689). The remnants of the rock, nearly unaltered, lying in the products of 
alteration, give the mass the appearance of a conglomerate or breccia. The isolated 
masses, sometimes roundish and sometimes quite angular, are all of one sort, i. ¢., 
a magnetited, fine, dark-green, nearly black taconyte, which, near the centres of 
the separate pieces, is grayish. The cement is magnetite, and the rock is nearly 
black. This rock graduates into the regular taconyte, on one hand, and into mag- 
netite ore on the other. The black slates above are frequently heavy with magnetite,a 
circumstance which, considered in connection with the production of magnetite in 
this chemical breccia, indicates that the occurrence of magnetite rather than hematite 
depends rather on the antecedent physical conditions of the original rock and the 
slowness of alteration than upon the accident of pressure or folding, or any dynamic 
force such as the advent of the gabbro. 

Another pit at the Cincinnati mine struck a phase of the Pokegama quartzyte 
not often seen. The rock was greenish and hard, and fine grained, but evidently 
laminated by sedimentary stratification. It had been mistaken by the superintendent 
for greenstone. This phase is near the basal conglomerate, and in grain it resembles 
that seen at Wick’s (No. 1632), though its color is usually not pinkish. In the form 
of boulders it is quite common on the surface, weathering nearly white. so as to 
resemble marble. 
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In the region of the Cincinnati mine, the rocks being in the main nearly hori- 
zontal, or of a uniform gentle dip, the idea of the origin of the ore from a grand 
change from the taconyte rock is impressed on the observer. The ore alternates 
intimately with the rock, and occurs as isolated masses in the rock, while vice versa, 
the rock exists as isolated masses in the ore. Such relations could hardly occur with- 
out a genetic relation between the two. 

At the Duluth mine, just west of the Biwabik, the ore dips south at about 15°. 
There are some east and west undulations, and an apparent anticline, where the 
axis runs south, in the north wall. 

At Mckinley the main ore stratum lies below a body of taconyte and above a 
sandstone which is sometimes reddened by downward infiltration of iron oxide; but 
there is also some hematite distributed at higher levels, even in the black slates. Such 
ore, however, isin smaller amounts, is lean and ochery, although sometimes magnetitic. 

At Virginia is an important group of mines, some of them now consolidated 
under the name Oliver mine. The rock bearing the ore lies on the northwestern 
slope of an Archean greenstone ridge, which is a spur of the general greenstone area 
further north, and has a northwest dip, varying from northwest to 12° south of west, 
amounting to d° to 15°. 

In the early explorations at this point 1t was found that the taconyte rock lies 
both under and over bodies of iron ore, and that along with the “ pebbly ore,” which 
is probably a basal bed of the Cretaceous, is in places a considerable amount of 
kaolinic rock which is usually white, or slightly colored in streaks by ferric oxide. 
This kaolin was regarded by Mr. Spurr as a product of alteration in situ of the iron- 
bearing rocks of the Animikie. But there is reason to ascribe it, in the absence of 
positive structural observations, to the action of the Cretaceous ocean in gathering 
together into strata of sedimentary character the residuary clays which resulted 
from the decay of the older rocks during the long period of surface exposure which 
preceded the Cretaceous submergence. This is in keeping with known facts from a 
large area in the southern and western part of the state, where the lower portion 
of the Cretaceous very frequently embraces large deposits of kaolin, and where the 
older rocks are visibly seen to be its source. Underneath the “ gravel ore” is a 
stratified layer of kaolinic material, and below the kaolin is soft blue hematite. 

There 1s a large ore body at Virginia, sometimes reaching a thickness of over 100 
feet, and it is separated by masses of taconyte, and is plainly a result of alteration 
of taconyte along favorable lines or in areas of easiest chemical change.* 

Along the south and east sides of the Ohio opening,t the dip of the ore is north 
to north-northwest, from 8° to 20°, varying considerably, and with irregularities. In 


* A more detailed description of some of the observed transitions from the rock to the ore is to be seenin Twenty-First 
Annual Report, pp. 181-138. | 


t The facts respecting the present condition of the mines are from the field notes of Dr. Grant, September, 1898, 
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one place, for a few feet, the dip is toward the east about 10°. From the north side 
of the Ohio, two openings of the Oliver, not now worked, can be examined, displaying 
a pretty constant dip of 20° to the north. East from the Oliver, where the rock has 
been stripped, there is a general westerly plunge of about 10°, while at the north- 
east corner of the Oliver stripping, the rock dips about 15° toward the south, and along 
the north side of this stripping, where much rock is exposed, mostly taconyte, the 
dip is 8° to 15° south to southwest. The north line, or wall, of the Oliver ore isa 
breccia of hard ore cemented by soft ore. There are several east-west planes of 
brecciation from an inch to a foot wide, standing about vertical, the whole zone being 
perhaps ten feet wide. Between the breccia planes is often hard rock. The ore 
mined is south of this zone of breccia and abuts abruptly against it. This breccia 
zone, as a wall, forms the whole north line of the Oliver opening. At the stripping 
at the east end of the Oliver and near the breccia zone, a little of the ore is seen, 
and it is crumpled some, but in general dips off to the southwest or south-southwest, 
at about 15° or 20°. These various and complicated directions of dip can perhaps be 
explained by referring thein to the settling away of the altered taconyte strata from 
the unaltered masses, the process of alteration being accompanied by a considerable 
shrinkage in the volume. of the rock, and it is possible that the foregoing breccia 
planes express fracture lines due to the same shrinkage and settling of the iron 
mass of the Oliver mine away from the more stable taconyte. 

At the Norman mine, which 1s immediately east of the Oliver and connected by 
stripping, the opening is in ore entirely, showing a south dip of 10° to 25° on the 
north side, and a north dip on the south side. On the west side the synclinal strue- 
ture is brought out nicely, the axis of the syncline pitching west at about 10°, and 
appears to run south of the Oliver and the Ohio. Yet, at the Oliver and the Ohio, 
there is a general decided synclinal structure which pitches toward the west ata 
low angle, probably about 10°. The ore is in this synclinal basin, and hard taconyte 
is on both the north and south, with a comparatively low general dip toward the 
west. In the syncline itself the dips are steeper and more variable, although main- 
taining a marked general synclinal structure. In the taconyte rock the dips are 
both lower and more constant. 

In the Adams mine, at Eveleth, the same synclinal structure is apparent in the 
northern excavation, the width of the basin being, perhaps, 600 feet, and the pitch 
toward the northwest at about 12°. There are several pillars of rock in the mine, 
and these pass directly into the ore. Above the ore is yellowish ochre and paint 
rock, and below it, as revealed by drilling, is quartzyte of a gray color, not banded 
by ore. In No. 2, of the Adams mine, the same structure is evident. but the pitch 
of the axis is to the southwest. The two openings are perhaps 700 feet apart, No. 2 
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south of No. 1, and, according to superintendent Harding, the intervening space is 
occupied by rock lying nearly flat. In No. 3, of the Adams, as far as work has gone, 
no syncline has yet been developed, but there is a general southwest dip. 

The summit of the hill in sec. 29, T. 58-17, north of Eveleth, consists of taconyte, 
dipping 3° to 8° toward the southwest. It is hard, gray and banded with ironore. On 
the east side it has a precipitous wall 50 feet in hight, and below this the ground 
slopes off sharply for 50 to 100 feet more. Beyond the valley, toward the east, is 
another ridge, evidently of greenstone, but no outcrops were seen below the taconyte 
cliff after hasty examination. The aspect of this wall of taconyte is similar to the 
vertical Animikie scarps in the region of Gunflint lake. 

The Fayal mine is half a mile or more east of the Eveleth, and shows some 
interesting facts. Southwest from the mine ‘proper, near the southwest corner of 
the S. E. 4 N. EK. 4 sec. 6, T. 57-17, some stripping has been done, and a body of 
black ore, soft and considerably broken up, has been encountered. Below this ore 
is drift, which also surrounds it. Near the bottom large granite boulders are seen in 
the ore. According to Mr. Hoveland, the engineer of the mine, the ore is of high 
grade, and between it and the rock below is another sheet of drift thirty or more 
feet in thickness. This ore mass has nearly all been mined out. The deposit was 
about 125 feet Jong east and west, and about fifty feet wide. It was from five 
to twenty feet thick, and was evidently a mass of ore included in the drift. Two 
other deposits of this kind are known further south, viz., N. E. 4S. E. 4 see. 6, 
T. 57-17, and they are also being mined. The main mine is underground. Accord- 
ing to Mr. Hoveland the development is not sufficient, as yet, to show the gen- 
eral structure, but there is a general dip toward the southwest, more steep near the 
wall of taconyte, and near the horses of taconyte. The rock taconyte also underlies 
the ore. 

At Sparta (formerly Weimer) are two mines, the Genoa and the Sparta, the 
former being an underground mine, and the latter a “steam shovel mine.” At the 
latter, along the west wall, are three shallow synelines, all in ore. The east wall 
has two synclines, separated by a small horse of taconyte. The north wall isin poor 
ore and rock, and shows a steep dip to the south, from 20° to 45°. These synclines 
pitch east, or a little south of east, at an angle of 10° to 15°. No rock other than ore 
is seen in the pit except the horse mentioned above, but on the railroad entering the 
pit from the south is seen some hard lean taconyte, dipping south-southeast to 
southeast, at about 10°. 

The Auburn is a “milling mine,” and the structure here is clearly synclinal, the 
south side dipping north, and the north side south, with a rather steep pitch (15° 


or more average) toward the west-northwest. The synclinal structure comes out 
26 
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nicely on the east side. No rock other than ore is visible. Apparently another 
syncline occurs next further north, for the dip is again in that direction. 
Rock samples from this area. Nos. 108-568; 615; 708; 768, 778; 828, 838; 
868-885; 948, 95S; 1578-1678; 1688-1707; 21438, 2144; 1070G—1072G; 1080G-1099G. 
The characters of some of these stones may be seen by reference to the chapter 
on the petrographic geology of the northeastern part of the state in vol. v. 
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CHAPTER XIX. 


THE GEOLOGY OF THE PARTRIDGE RIVER PLATE OF THE 
MESABI IRON RANGE. 


(PLaTE 76.) 


By N. H. WINCHELL. 


This portion of the Mesabi Iron range has not yet afforded any iron ore of eco- 
nomic importance. It was the scene of the first thorough exploration on the Mesabi 
range after the examination of Prof. A. H. Chester, and after the opening up of the 
Duluth and Iron Range railroad from Two Harbors to Tower. That road cut the 
Mesabi Iron range about two and a half miles south of the Giant’s range, revealing 
signs of iron ore. This exposure of hematite, in what was referred to in several of 
the annual reports as the “red cut,’ was the cause, through the suggestion of the 
writer, of the commencement in 1888 of regular testing by machinery at Mesabi 
station, under the management of Mr. John Mallmann,* though at the expense of the 
Minnesota Iron company. Immediately a great many other explorers entered on 
the westward extension of the range, including the Merritt brothers, who were 
rewarded 1n the fall of 1590 with the first important discovery of merchantable ore 
in sufficient quantity on the Mesabi range.t 

The Archean granite. The gramtic knobs and ridges that cross the northern 
part of this areat possess the most rugged and conspicuous hills of the Giant’s range. 
As further west the descent is more abrupt toward the north than toward the south. 
The granitic belt here is about six miles wide, the most northern known outcrops 
being about five miles north of Hinsdale station. There is also an extension of 
granite, probably as an isolated intrusion, lying south of the crest of the ridge, said to 
have been encountered by test-pitting at a quarter of a mile north from the Mallmann 
exploration near Mesaba, or in the S. E. 4 sec. 20, T. 59-14. The rock is a granite, 


*Mr. Mallmann, who had been for several seasons a field assistant on the survey, was somewhat acquainted with the 
geological structure, and knew the views of the state geologist as to the probable discovery of ore in Minnesota southward from 
the Vermilion range, and readily fell in with the idea of searching for the equivalent of the Penokee-Gogebic ores in the vicinity 
of the ‘‘red cut.’”” Compare Thirteenth Annual Report, p. 23, 1884; Highteenth Report, p. 7, 1889. : 

+ Bulletin vi, p. 135, 1891. Compare, also, N. H. WINCHELL. The discovery and development of the iron ores of Minnesota. 
Minnesota Historical Society Collections, vol. viii, p. 25. ; 

t The following sources afford the data for this description: Report of A. H. CHESTER of examinations in 1875. Elerenth 
Annual Report, pp. 155-167. Examinations and reports of N. H. WINCHELL in 1878 (Ninth Report, pp. 107-108) ; in 1884 (Thirteenth 
Report, pp. 20-24) ; in 1888 (Highteenth Report, pp. 7, 8); 1890 (Bulletin vi, pp. 202-205) ; also, field notes made in 1892. Examinations 
and reports of H. V. WINCHELL in 1888 (Seventcenth Report, pp. 81-92), and his general report on the Mesahi range (Twentieth 
Report, pp. 111-180, 1891). Bulletin vi contains a general description of the Mesabi range and its ores. 
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sometimes gneissose (Nos. 382H, 1514 and 29M), but in general a true igneous rock. 
Its color is usually gray, but sometimes pink. It is generally quite coarse-grained, 
but varies to fine-grained. It has a gray or flesh-colored orthoclase, and coarse 
quartzes, the latter sometimes of a bluish or lavender color. Biotite and horn- 
blende are occasionally so abundant as to render it a dark rock. Isolated pieces of 
such dark rock are scattered sparingly in the granite, evidently the result of foreign 
inclusion. Because of the conversion of the Keewatin into crystalline schists at the 
contacts of this granite with the greenstones of the Keewatin, it is reasonable to 
assume that these dark spots in the granite are fragments derived from the Keewatin, 
metamorphosed by the heat of the granite. Although these spots are frequently 
rounded, they are not always so, but spread more irregularly.* The rock consists 
largely of quartz. This is sometimes in large interlocking grains, and sometimes is 
finely granular. The feldspar is orthoclase, microcline and a very finely polysyn- 
thetically twinned plagioclase that is either oligoclase or anorthoclase. There is a 
singular contrast in the comparative freshness of the feldspars. Some of the large 
grains are much affected by microscopic scales, probably of muscovite, which have 
been generated by decay. These scales sometimes pervade the whole grain and 
sometimes are surrounded by a marginal belt that contains none of them. The 
microcline, however, 1s never thus decayed, and appears to be of later generation. 
The quartzes have been broken by mountain strains, which have formed minute 
zigzag fractures across some of the larger grains. The biotite and hornblende are 
fresh. 

The rock seems to have been profoundly shattered, but is not much sheared in 
general, and this action may have been cotemporary either with the intrusion of 
later granitic dikes or with the gabbro disturbance. The granite as a mass, how- 
ever, is earlier in date than the gabbro, and is intruded by the gabbro at points fur- 
ther east. It is not yet settled that it followed the Upper Keewatin as to date of 
origin, and preceded the Animikie, but some part of it appears to have originated in 
that epoch, which would thus serve to mark a divisional epoch between the Archean 
age and the Taconic. The reader may consult further discussion of this question 10 
the chapter devoted to the structural geology of northeastern Minnesota (volume v). 

The Keewatin, Thespur of Keewatin which is represented to occur in T. 59-14, 
running southwestwardly and reaching into T. 59-15, is somewhat conjectural as to its 
areal limits, owing to the prevalence of the drift. It is known to outcrop along the 
south side of the Giant’s range from the northeastern corner of this area southwest- 
wardly to S. E. 4 see. 17, T.59-14, one mile south of Hinsdale. It appears in vertical 
strata in N. E. 4 sec. 15, T. 59-14, near the north section line. The extension of this 


#Compare Final Report, vol. i. The Building Stones of Minnesota, pp. 142, 143, where the East St. Cloud granite is stated 
to show similar dark spots. 
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Keewatin area southwestwardly, as represented, is based on the distribution of drift 
masses and on the topography, and cannot, therefore, be relied on with certainty. 
The northerly extension of the Animikie into sec. 7, T. 59-14, seems also to be a 
complementary phenomenon in consonance with the supposed southerly spur of the 
Archean, thus repeating the folding of the Archean mentioned in connection with 
the Virginia plate (No. 75), from which, later, the removal] of the Animikie has been 
effected by glaciation.* _ 

There are some interesting features connected with the Keewatin in T. 59-14. 
When Prof. A. H. Chester first explored the iron deposits in section 11, in that town, 
he noted a peculiarity which he did not explain.+ 


“Near the centre of section 11 there isa bold outcrop of jaspery hematite, at the foot of which a pit was sunk to | 


considerable depth. At fifteen feet from the surface a layer of black sand was found containing boulders of 
quite pure hematite. An average sample from these boulders showed 62.17 per cent. of iron, almost the richest 
ore discovered in the district. Careful search failed to find the ledge from which these boulders came, and they 
seemed a novelty in a district covered by horizontal layers of magnetite and quartzyte.” 


It has been found, since, that there ate two iron-bearing formations in north- 
eastern Minnesota, and this phenomenon is accounted for by the non-conformable 
superposition of the later over the earlier. This non-conformity is visible at many 
places, but there is no other known place at which the formations both contain iron 
ore at the point of overlap. The jaspery hematite ridge seen by Prof. Chester is a 
miniature representation of the ridges that contain the Vermilion range ore at 
Tower and elsewhere; and the structural conditions in general duplicate those which 
occur at Negaunee, Michigan, where both formations are iron-producing. The exist- 
ence of rich hematite, seen only as boulders by Chester, in immediate contiguity 
with this jaspery ridge, certainly indicates the existence of good ore of the Vermilion 
kind in the near vicinity.t This Jaspery ridge rises from ten to fifteen feet, running 
about fifteen rods. It is surrounded by Keewatin greenstone, and the structure is 
approximately vertical. 

Secondly, the Keewatin at this place shows the metamorphosing action of the 
granitic intrusion of the Giant's range, near which it lies. On two occasions the 
writer has collected specimens from the small dump of fragments thrown out at 
the so-called silver-quartz vein, where a little excavation was done under the 
direction of Prof. Chester. They are represented by rocks Nos. 442 and 1642, and 
thin sections have been made of both. The former shows, megascopically, a nearly 
white jaspilyte, similar to much seen at Tower, at the iron mines. The grains are 
interlocked in such a way that it is plain they are not fragmenta] in the sense that 
they are detrital, but their forms are due to chemical growth in situ, whatever may 


*The westward and southwestward prolongation of this spur was subsequently omitted from the plate showing this area. 


This i s -recogniti . x. Grant and Sebenius when (in October, 1888) the areal limits of the parts of the Mesabi 
ion Ges. pen vere Uses idler aan care. Hence, if the locality described by Mr. Meeds, N. W. 4 sec. 18, T. 59-14, be 
in the Animikie (page 388) it must be in an outlier. 

t Eleventh Annual Report, pp. 156, 157. 

1TCompare Bulletin vi, pp. 203, 204, 
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have been their origin. It is not known that this is the quartz of the vein. It is 
probable that vitreous quartz carrying galena first attracted attention, and that this 
siliceous rock is the country rock of the quartz vein. Rock No, 1642, taken from the 
same place, is essentially the same as No. 442, but it shows important minor char- 
acters. The quartzes lie both loosely and compactly in a matrix that is not clear and 
transparent like the quartzes themselves, but is clouded with subopaque dust-like 
particles, in the same manner as the reddish orthoclase which crystallizes out of a 
rhyolyte, or like the ground mass of a quartz porphyry or a felsyte. This substance 
does not give a uniaxial interference figure in convergent light, but a curved bar, 
indicating a biaxial mineral. With the Becke line its refractive index is found to 
be lower than that of the quartz lying adjacent. In short, it appears that a different 
composition pervades the ground mass of this rock, while it still has the general 
aspect of No. 442. It is, it is true, outwardly, a little less harsh, and it has a faint 
greenish tint within, and pink blotches and veinings are visible on the weathered 
surface as if it had an orthoclastic element. Further, there are scattering micro- 
scopic shreds of chlorite and of mica, and of some other minerals. 

Whether these accessory minerals were generated in an original jaspilyte by 
the action of the granite intrusion, or were formed by the same slow process that 
takes place in the greenstones of the Keewatin at large, it seems clear that this 
jaspilyte was not everywhere a pure silica or silica and hematite like the typical 
jaspilytes that have been described; but while minutely fine quartz grains compose 
the rock, essentially, and silica probably constitutes over ninety per cent of it, there 
was a fine admixture of other elements in the original rock. These elements being 
of the same nature as the prime elements in the regular greenstone, it follows that the 
jaspilyte and the greenstone were formed cotemporaneously, and shared unequally 
in the common elements—this unequal sharing in the same essential elements 
causing, in its extreme, the present contrast that exists between them.* 

Thirdly, the rock No. 389H is from the Keewatin in the immediate vicinity. 
It is granitoid. It has a greenish-gray general matrix, with a uniform fibrous 
structure, which encloses indistinct crystal forms of feldspar, which, for the most 
part, are red. These feldspars seem to fade out in the fine siliceous rock surround- 
ing them. Yet, in other cases, there are distinct striated feldspar crystals. The rock 
outwardly presents such an appearance that it suggests the idea that it is only a 
more advanced stage of the alteration commenced in No. 1642, in a rock of somewhat 
different composition, and if that be the case, the alteration is, as seems most reason- 
able, an example of crystallization through the action of the granitic intrusion on 
the Keewatin. In this case the result is not a mica schist nor a hornblende schist, 


* This alliance of the jaspilyte with the greenstone through gradations from one to the other was discussed, from other 
specimens, in Bulletin vi, 1880 [1891], p. 80, 
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but a gray, imperfect gneiss. The metamorphism was hence rather regional than 
contact metamorphism. 

In thin section, this rock is seen to consist largely of a much altered feldspar, 
in which are many scales of muscovite. There has been deposited in some of the old 
grains, a fresh feldspar, which is near oligoclase, judging from the very small extinction 
angle in a section perpendicular to the axis (,). Many roundish, fine grains of fresh 
quartz are also scattered throughout the slide. Some hornblende and some chlorite, 
with a little biotite, and apparently a few grains of sphene can also be determined. 

The quartzyte and the taconyte. The relation of these two forms of the basal 
part of the Animikie to each other structurally is uncertain. There are places where 
there is a considerable thickness of distinctly fragmental quartzyte, grading into a 
conglomerate containing much coarse debris from the underlying granite (Nos. 364H 
and 366H), and there are others where the very bottom beds are taconitic and 
ferruginous. In one case (No. 22M) the basal, dark conglomerate, carrying coarse 
quartzes, is also charged with magnetite and red jasper, the latter being of the 
taconyte variety and lying conformably in the conglomerate as one of its constituent 
parts, and not of detrital origin. But in still other places there is a large 
development of the gray taconyte, varying to lean hematite, and to magnetite, 
which is free, or nearly free, from mechanical debris, all its grains having resulted 
from the chemical transformations which belong to the generation of the ores of the 
Mesabi range. Judging from the facts that are presented within the area of this 
plate, the taconyte and the basal quartzyte are closely associated, and they even 
blend in one stratum in some places. It is probable, however, that as a general rule 
the fragmenta] quartzyte and the conglomeratic characters prevail at the bottom 
of the series, and that it is only rarely that the taconyte accumulated at the same 
time and place, while off shore further the sediment was cotemporaneously of 
glauconitic greensand only, the quartzyte and the taconyte thus being essentially 
cotemporaneous. This uncertainty is in part ascribable to the nature of the field 
notes. There are no less than four different rocks which have been denominated 
quartzyte, and supposed to’belong to the same horizon, viz.: (1) The true basal 
granular quartzyte of the base of the Animikie; (2) The chemical quartzyte which 
is brown or gray, and very fine-grained, evidently a stratum in some places of con- 
siderable thickness and extent, found within the taconyte horizon; (8) The gray 
taconyte itself; and (4) The siliceous rock Nos. 442 and 1642, which is a nearly 
white jaspilyte belonging in the Keewatin. This variety in the nature of the 
quartzyte, which has been observed along the northern strike of the Animikie, 1S 
not confined to the area of this plate, and is partly to be explained by a confusion 
of the Keewatin jaspilyte and muscovadyte with the Animikie ores. 
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There is one other important fact connected with the Animikie, or what has 
been assumed to be of the Animikie in the field notes, which has yet to be noted, 
since the strata referred to seem not to belong to the horizon of Animikie. Mr. 
Meeds has given a description and diagram of an exploration for iron in N, W, 4 
sec. 18, T. 59-14, near the granite range. A shaft was sunk twenty feet, beginning 
in the horizon of the ore and taconyte, passed through the coarsely fragmental 
rocks of the bottom of the Animikie (Nos. 22M and 27M), and entered a greenish, 
more soft and siliceous thin-hedded rock which is very different from anything 
known in the Animikie. The general dip of the whole is to the northeast and east, 
but the taconyte also dips in the immediate vicinity toward the southeast. In the 
shaft above the conglomerate, several feet of tron ore and characteristic Mesabi 
hard taconyte were passed through, so that there is no doubt that the shaft was at 
the base of the Animikie, or in an outlier of the Animikie. Mr. Meeds states that 
there is a general agreement m the dip of the rock below the conglomerate and 
that above it, but that there is some variation in dip, even in the rock pierced by 
the shaft, is evident from his allusion to some “change in the dip,” which 1s referred 
by him to a crumpling in the shaly rock (No. 28M). | 

It is quite certain that this greenish rock, although it has a general conformity 
in dip with the iron ore bed and with the immediately overlying conglomerate, does 
not belong to the Animikie. This thin-bedded, greenish, but rather siliceous, rock 
occurs in other places, further west, just to the north of the basal quartzyte of the 
Animikie, and it has, in some cases, been considered as a part of the Animikie. The 
writer so reported it, where seen north of the Cincinnati mine, although there recog- 
nized as lying below the coarse quartzyte (twenty-first report, pages 124, 125, No. 5 of 
the “ principles” stated). Further east it has not been encountered, but the Keewatin 
rock is distinctly green, vertical, and much less siliceous, except when it holds lodes 
of jaspilyte, in which case the whole environment and structure are different from this 
siliceous softer green rock. 

The bearings of this peculiar structural fact on the systematic geology of the 
northeastern part of the state are discussed in anotherchapter. In short, it seems 
that this underlying green fragmental rock may develop southerly into the formation 
in part, which occurs at Thomson, having a near conformity with the Animikie, and 
that, with the Animikie, it is there involved with the ridges and synclinals described 
in connection with the Carlton plate. The two would be as indistinguishable as they 
are on the Mesabi Iron range. 

Again, this rock resembles, lithologically, the rock which occurs below the basal 
quartzyte at the Aurora mine in Wisconsin (sixteenth report, page 58), and which 1s 
cut and enclosed by granite a short distance to the south of that mine, and it occu- 


THE PARTRIDGE RIVER PLATE OF THE MESABI IRON RANGE. 339 


Rock samples. ] 


pies the same relation to the quartzyte and the Penokee ore (see figure on page 59, 
op. cit.) It is generally considered by the Wisconsin geologists as a part of the 
Penokee series and is designated “quartz slates.” But it appears rather to be a part 
of an older formation, the bottom of that series being represented by the quartzyte, 
which occurs immediately to the south of the ore of the Aurora mine (compare the 
chapter on the Carlton plate). | 

The black slates of the Animikie are strongly represented in this area, but noth- 
ing can be added to descriptions given in connection with plates further east, where 
Dr. Grant has divided the Animikie into its’ constituent members. The uppermost 
member, as seen at the west end of Loon lake, coming into contact with the gabbro, 
is a very fine-grained, dark quartzyte (Nos. 2062 and 2063). This portion seems to 
appear in N. KE. } 8S. W. | sec. 9, T. 58-14, along the shores of Partridge river (Nos. 
1708 and 387H). It is too thick-bedded and homogeneous for the term slate, and is 
crossed by a series of vertical joints, the general direction of which is about east and 
west. It is so closely approached by gabbro on nearly all’sides that it must have 
once been covered by it. Itis nowa fine-grained mica schist, sometimes with cor- 
dierite. 

Lhe gubbro is finely exposed at Allen and near Allen Junction, as well as at 
numerous points further east and northeast, in the same town. Boulders of gabbro 
do not extend more than a mile west of Allen. The grain varies greatly, there being, 
in irregular seams and blotches, large crystals of augite and of labradorite, which’ 
apparently determine the outlines of “boulders of disintegration,” into which the 
rock falls on the rotting of the surrounding portions. It is, hence, if some weathered 
surfaces, blotched with lighter and darker spots. In some places the rock is greatly 
rusted by oxide of iron, being heavy with magnetite. It has, in other words, the 
characters, in some degree, which the gabbro is known to take on when it is in near 
contact with the sedimentaries. There are, however, here no visible fragments from | 
the adjacent sedimentaries, It is likely, however, according to later studies, that the 
blotched and bouldery aspect of the gabbro here described is itself due to the prior 
existence of boulders in a Keewatin greenstone from which the gabbro is supposed 
to have been derived. 

Lock samples. The following rock samples were collected within this area, and 
their special descriptions are to be seen in connection with the same numbers in 
the chapter on the petrographic geology, in vol. v, viz.: Nos. 436 442, 1514, 1642 and 
1708; 304H-355aH; 376H-3884H; 386H-389aH; 391H-393H; 10M -16M; 21M- 29M. 


CHAPTER XX. 


THE GEOLOGY OF THE DUNKA RIVER PLATE OF THE 
MESABI IRON RANGE. 


(PuatE 77.) 


By N. H. WINCHELL. 


ee: 


The first movement to discover the value of the iron ores of the Mesabi range 
was directed to this area. The deputy United States surveyor (Wieland) had noted 
the magnetic variation of the needle when T. 60-12 and T. 60-18 were subdivided. 
A company was organized to conduct preliminary exploration. The work in the 
field was in charge of Peter Mitchell, who uncovered the ore-bearing beds at numer- 
ous places in sees. 19 and 20, T. 60-12, and in see. 32, T. 60-13, and penetrated the 
rock by several shallow shafts. This was continued, with interruptions, through two 
or more seasons by a small party who labored under great disadvantages, having 
their base of supplies at Beaver bay.* This occurred in 1873-74. Again, on land 
owned by the same company, an exploration was made by a sub-company known as 
the Mesabi Syndicate, on sec. 27, T. 60-13, under the management, in the field, of 
Capt. Wicks.+ Besides these, a third attempt was made in 8. E. 4S. E. 4 sec. 28, T. 
61-12, at the north side of Birch lake, in 1892, by the Spellman Mining company, 
under the management of W. L. Honnold.t None of these resulted favorably. It 
is by means of these explorations that the officers of the geological survey have 
obtained a better understanding of the structure of the rocks of the Mesabi range in 
this area than in some other parts of the eastern Mesabi. 

The Archean rocks occupy the northern portion of this area,§ bounded to the 
south by the overlying base of the Animikie, but to the northeast by the gabbro 
whose northern line of strike encroaches on all the other formations in succession. 
The Archean embraces granite of eruptive phases and mica schist (more or less 


———_——— 


*'Chis company is still a corporate body, and holds a large tract of land on this part of the Mesabi range. Its president i8 
Alexander Ramsey. St. Paul. It is the oldest iron-mining corporation in the state. V. Minn. Hist. Collections, vol. viii, 3%. 

t+sec the Twenty-first Annual Report, p. 82. 

tTieenty-sccond Annnal Report, p. 166. 

§ This area has been examined in different parts by the following assistants, as well as by the writer, and partial reports 
have been rendered and published as follows: 

N. H. WINCHECLL Cand M. E. WApsWwoRTtH), Miflecnth Annual Report, pp. 380-341; Twenty-sirst Annual Report, pp- 2-88. 
H. V. Wixcueun, Serenteenth Annual Report, pp. 81-87 and 92-96. UL 8. GRaNT, Seventeenth Annual Report, p. 10. A. H. 
ELYTMAN, Ticenty-second Annual Report, pp. 159-170. A. D. MEEDs (field notes of 1893, not reported). A. H. CHESTER, Eleventh 
Annual Report, pp. 156-160. 
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Pokegama quartzyte. Taconyte horizon.) 


hornblendic), as well as gneiss. The eruptive phase prevails in the ridge known 
distinctly as the Giant’s range, and also in the region of Birch lake, especially on 
the southern shores (rocks Nos. 357H, 368H, 400H, 963, 964 and 966). Along the 
northern shore of this lake there is more variation. Here the Archean becomes 
gneissic, and in the northwestern part of the lake it acquires a darker color from 
the presence of much mica and hornblende, and in places the acid rock serves as a 
cementing material for a breccia that now consists of miea schist. The gneissic 
characters are represented by Nos. 965 and 955, the dark rock by Nos. 972, 973 and 
974, and the mica schist breccia by Nos. 958 and 121G. The geognostic relations of 
these rocks will be found presented in a chapter devoted to the structural geology, 
and their special composition in that devoted to the petrographic geology. It is 
only necessary to say at this place that as an eruptive rock the granite is frequently 
coarsely crystalline, with large carlsbaded orthoclases, with large lavender-colored 
quartzes, with microcline and with oligoclase. There is also a probability of anor- 
thoclase in this granite. The usual ferro-magnesian minerals are hornblende and 
biotite. 

There is no known outcrop of Keewatin rocks in this area. 

The Pokegama quartzyte and the taconyte horizon. Tt has already been stated in 
chapters describing plates further west that there is not a constant distinction between 
the quartzyte and the taconyte. The same holds true in this area; indeed, the 
taconyte rock is found sometimes lying immediately on the granite (No. 406H), and 
in other instances the bettom of the Animikie 1s a conglomerate (No. 372H) with a 
fine green (glauconitic?) cement. 
~The exploration of the Syndicate Mining company on sec. 27, T. 60-13, and 
other sections in the immediate vicinity, afforded the following information: 


Section of the iron-bearing rocks. 


A number of diamond-drill tests were made of the iron-bearing rocks, one of which gave a thickness of 323 
feet, composed as follows, as furnished by Capt. Wicks: 


: Feet. 
1. Drift, - - - - - - 6 
2. Black and gray, KG. Haiaes tin with fine- grained magnetite, ene. latter being distrib. 
uted through the whole, and sometimes in beds six or ten inches in thickness (survey 
No. 1628), - - - - - - - - - Z : 157 
3. ‘Black slates,” a rather massive rock to be named slate, charged with magnetite (survey 
No. 1629). Closely allied to the last, : - é ‘ é 2 : 70 


4. Gray quartzyte, nearly all silica, but sometimes porous; has round secretions (or concretions, 
No. 1630A), shaped like the sponge Hindia, about one-quarter to one-half inch in diam- 
eter. These are in cavities somewhat larger, but surrounded by a loose siliceous mesh 
which keeps them in place. This rock also has some non-homogeneous places- angular 
and rounded masses appearing cut by the diamond drill (survey No. 1630), s : 20 
“Ore.” This is a siliceous, tine hematite. The upper part contains some of No. 4, and the 
lower part is softer and rather less in iron. This lower part gave no core, but washed 
away with the cuttings through the drill core, suggesting that it may have been .soft 
ore. Capt. Wicks thinks eighteen to even) feet may be the average thickness of the 
ore (survey No. 1631), - - - - 2 < 2 24 
6. Fine-grained, pinkish-cream colored spanctyte. seidenily granular, though very fine (SHEVEY. 
No. 1632), : . - - - - - - ‘ 4 : 17 


Qn 
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Feet. 
7. Round, “ fragmental” quartz grains cemented in a matrix of quartz. The lower portion of 
this stratum is of crystalline quartz, or at least of less evidently fragmental grains. 
Some of it also appears like chalcedonic silica. The crystalline portions present faces 
of fracture one-sixteenth to one-fourth of an inch across, and resemble the quartz seen 
at Chub lake. It also contains pyrites in streaks and crystals. The transition down- 
ward to the next is gradual (survey No. 1633°, 5 : - . - —_ 15 
8. A hard, siliceous greenish rock, which contains many fragmental grains of quartz one-six- 
teenth to one-eighth of an inch across, some of them of a lavender blue color. While 
the mass of this is quartz it is colored apparently by fine debris from the earlier Keewatin 
yreenstones of the vicinity, and should be considered the lower portion simply of No.7. 
It also embraces rounded pieces from No. 10, and evident crystals of feldspar (survey 
No. 1634; compare Nos. 1637 and 336H), : : - - - - - 10 
9. The lower portion of No. 8 becomes coarse and irregular, lighter colored, with pyrite or 
chalcopyrite, resembling outwardly a coarse granite (survey No. 1635), —- - - 1 
10. Granite (survey No. 1636). entered - - - - - - - - 3 
Total, - : : - - - - . - - - 323 


A number of other drills also have been made in the same region, and according to the records kept by 
Capt. Wicks the following data were obtained: 


Drill No. 1. S.E.14 S. BE. 1y sec. 29, T. 60-13. Drift, eight feet; black slates, thirty-eight feet (No.3 of 

‘drill No. 5, above); gray quartzyte (taconyte horizon), twelve feet (No. 4 of drill No. 5, above); mixed ore (fifty 

per cent), ten feet (No. 5 of drill No.5, above); pinkish quartzyte, the lower portion of this had some of the 
coarser, fragmental quartz, nineteen feet: granite, four feet; total, ninety-one feet. 

Drill No.2. S. BR. 14 N. E. 14 sec. 28, T. 60-13. Drift seven feet; black slates, fifty-two feet; gray and 
brown quartz, fifteen feet: dark gray quartz, nine feet (the last two being the taconyte horizon); ore, hard, 
mixed, twenty-four feet; mixed ore, and brown, “ soft stuff,” seven feet six inches; soft, green rock, mixed with 
quartz, conglomeratic, seven feet: granite, four feet three inches; total, 125 feet nine inches. 

Drill No. 3. Surface, four feet nine inches; black slates, eighty-one feet; dark, gray quartz, twelve feet: 
quartz, and a little ore, four feet; quartz, with seams of ore, four feet; quartz and magnetite, nine feet six inches 
(the last four being the taconyte horizon): soft material and hard ore, nine feet; brown (pinkish) quartzyte, 
thirty-two feet: white quartz, coarser, eight feet, granite, four feet; total, 168 feet. 

Drill No. 4. S. E. 14S. E. 14 sec. 29, T. 60-13. Drift and boulders, nine feet; black slates, thirty-six feet: 
mixed brown and gray quartzyte (on the horizon of No. 4 of drill No. 5, above), no ore, seventeen feet; brown 
quartzyte and ore (six feet of ore in the core interbedded with the quartzyte, ore beds, four or five inches), nine 
feet six inches: hard ore, fourteen feet nine inches: brown rock, soft, containing ore (thirty to forty per cent), 
two feet nine inches; white fragmental quartzyte (bottom coarser), ten feet; granite, two feet; total, ninety-nine 


feet. 

The foregoing description was taken in the field. On making a mote careful 
microscopic examination of the samples collected the uppermost rock struck by the 
drill (No. 1628) is found to be charged, in the light-colored portions, with grinente, 
though the principal ingredient is fine-grained and indefinite silica. Minute magne- 
tite grains are also dispersed through it, and in the dark bands magnetite 1s so 
abundant that the section is wholly opaque. The rock is apparently a part of the 
taconyte, concentrated and crystallized by the gabbro. The banding, which denotes 
the relations between the magnetited and the less ferruginous parts, is highly complex 
and irregular, often oblique, and frequently blending the one into the other, with | 
lenticular portions enclosed. 

Rock No. 1629 is the same as No. 1628, but carrying more magnetite. It is not 
a part of the black slates proper, but is a constituent portion of the iron-bearing 
member of the Anmmikie. | 

No. 1680 is typical silicified taconyte, retaining the rounded outlines of the 
original glauconitic grains. These outlines are expressed by their marginal accumu- 
lation of magnetite, while their interior is almost entirely of secondary quartz. The 
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intragranular silica is sometimes of the same coarseness of grain as the intergranular, 
and in that case sometimes these outlines cannot be distinguished, especially in the 
absence of magnetite particles; but occasionally, and perhaps most frequently, the 
intergranular silica is coarser. The secretions or balls (No. 1630A) are composed of 
the same kind of secondary, granular silica as the body of No. 1630. There is occa- 
sionally, in No. 1680, a quartz grain that is apparently of fragmental foreign origin 
subsequently enlarged, but for the most part this rock is non-fragmental. 

No. 1631,iron ore,is mostly hematite, but holds some quartz. A few reflecting tri- 
angular minute surfaces indicate octahedra of magnetite, and some square ones cubes, 

No. 1632 (compare Nos. 1640 and 371H) is a very fine-grained light reddish-gray 
quartzyte. When fractured fresh and away from long weathering, this rock is bluish 
or grayish. When seen in large outcrop it is marked by sedimentary banding. It 
extends through several sections, but 1t seems to be lacking in some parts of the Mesabi 
range. It lies below the iron ore and immediately above the more coarse and frag- 
mental quartzyte of No. 1633. Besides quartz, which occurs in angular grains which 
in some cases show that they have resulted from an enlargement of more rounded — 
grains, but from the most of which such enlargement is wanting, the thin section 
shows a scattered sprinkling of small irregular grains of a highly refractive and 
doubly refractive mineral which appears to be epidote. Occasionally a crystal of this 
mineral appears, which has parallel extinctiom, being cut in the zone perpendicular 
to 010. There is a little chlorite, or at least an isotropic substance, scarce, and 
apparently about the same amount of a plagioclase feldspar. The coloring matter is 
hematite. A dust of this coats most of the quartz grains,and permeates other grains, 
while opaque nodules appear, which are composed entirely of it. There is very little 
in this rock that shows now distinctly, or even indistinctly, a clastic origin, and 
it may have resulted very largely from the secondary deposition of silica incident to 
the change that has passed over the taconyte that lies above it. This supposition is 
also in harmony with the reported non-appearance of this rock at some places, and _ 
its being in some way complementary with the ore, since, according to Capt. Wicks, 
it is found in those drill-sections where no ore, in considerable amount, is found, and 
is wanting when there is a distinct stratum of good ore. Its greatest known thick- 
ness is thirty-two feet. It gradually acquires a fragmental, coarse quartz toward the 
bottom, and forms a quartzyte (No. 1633) which, with a conglomeratic phase, lies on 
the granite. This rock forms, most probably, a stratum in the Animikie in the 
western part of the Mesabi range, not yet identified, for its boulders are strewn along 
the old county road, sometimes quite numerously, from Mountain Iron to McKinley. 

No. 1633 is a granular quartzyte. Between the coarse fragmental quartzes is 
fine granular quartz, which serves as cement, and cannot be distinguished from the 
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quartz described in No. 1632, and is accompanied by the same accessory minerals, 
These minute quartz grains are not oriented in common with the larger grains, 
except that occasionally several that are in exact contact with the large grains 
extinguish in harmony with the large grains. This gives the large grains, to some 
extent, a roughened or toothed margin, as seen between the nicols. 

There is here demonstration of the mingling of granular fragmental matenal 
with later chemical deposition, and to that extent showing a mingling of the two 
processes which have been supposed to have characterized two separate parts of the 
Animikie, viz.: the quartzyte and the taconyte. By reference to the description of 
rock No. 1633, it appears that quartz grains and glauconite were originally mingled, 
and that on chemical alteration of the glauconite there resulted the taconyte struc- 
ture, iron ore, siderite and actinolite. 

The rock No. 1634 is really a modification of No. 1683, by the addition of a 
green element. It is duplicated by No. 366H, and in 1637. There is a fine siliceous 
cement intimately mingled with the green matrix, and this is sometimes so free 
_from the green element that its minutely granular structure is distinct. The two 
elements are mixed in all proportions. The coarse quartzes, as in the last,are crossed 
by lines of fine inclusions. The green element is in scales and plates, and 1s strongly 
dichroic, and can hardly be mistaken for glauconite. 

Not only is there quartz and “gréenstone” debris in this rock, but occasionally 
a crystal of orthoclase, which by a fortunate direction of fracture can be seen to be 
a Carlsbad twin. The whole rock, except the cementing and hardening secondary 
silica, and the iron ore, is evidently the result of abrasion and fragmental distribu- 
tion of the mjnerals of the granites, etc., of the Giant’s range. 

The lower portion of No. 1634, represented by No. 1635, is a conglomerate 
made up of granitic debris, with considerable alteration and infiltration. 

No. 1636 is granite. The feldspar is considerably invaded by lines and blotches 
of alteration to a kaolinic substance in which are highly polarizing scales resembling 
muscovite and calcite. Much of the feldspar is triclinic, and some is microcline. 
The rock shows apatite, pennine, sphene, calcite and isotropic so-called chlorite, as 
well as the usual amount of quartz. 

The above drill-section represents a total thickness of 323 feet. The other 
drill-sections made in this region afford about the same succession of strata as that 
above described. The only rock of uncertain thickness is No. 1632, the fine-grained 
pink quartzyte, which is apparently absent in some places. The whole of the 
quartzyte is wanting at a short distance east of this locality. A drill-hole sunk in 
sec. 18, T. 60-13, passed through 190 feet of “ jaspery taconyte,” banded with ore 
and resting upon the granite. The bands of ore were five or six inches thick, and 
the ore was hard, black and nearly always magnetic. _ 
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Mr. H. V. Winchell made observations and collected samples from the base of 
the Animikie at two points within the area of this plate. He found the gradation 
S. W.4 sec. 13, T. 60-13, so gradual from the quartzyte to the granite, through a 
coarse conglomerate into a recomposed granite, that he considered it a transition in 
which the point of change from the Animikie to the granite could not be designated 
in the field. His samples (Nos. 366H and 367H) illustrate the same petrographic 
features as described from the drill-core samples, some being like No. 1637 and 
others hke No. 1635. The difficulty is in establishing in the field the difference 
between a natural granite, and a recomposed granite. The infiltration of finely 
crystalline secondary silica into the base of the Animikie has cemented the green 
debris into a very firm substance, and when this green debris is scant the rock may 
easily be mistaken for a truly massive crystalline rock, and the easier when, as in 
this case, the ferro-magnesian minerals in the original rock are much decayed or 
wholly wanting. 

The general and the microscopic characters of the rocks collected at this locality 
rather indicate that the base of the Animikie here lies on a conglomeratic portion 
of the Keewatin.. The place has not been reéxamined, but from a comparison with 
facts known elsewhere it appears quite likely that the conglomerate which here 
seems to grade into a compact uniform granular rock, indistinguishable from the 
granite, is the basal conglomerate of the Upper Keewatin. 

Sometimes this basal conglomerate is composed, not wholly of debris from 
granite, but in part of quartzyte or jJaspilyte from the Keewatin (Nos. 442 and 1642), 
indicating the existence of that formation, as in the plate area next west (plate 76), 
also in this. The existence of rock No. 1639, which is a green, rather shaly debris, 
also implies the occurrence of an abundant source for such sediments. 

The calcareous and black slate beds of the Animikie next above the taconyte have 
afforded but meagre additional information as to their characters within this area. 
The highest member, which elsewhere consists of gray quartzytes and slates, is 
observed to become micaceous, constituting a rather massive and imperfect mica 
schist (No. 8M). This rises in the form of low northeast-southwest ridges at the 
south side of secs. 85 and 36, T. 60-13, near the north line of the gabbro, and this 
metamorphism is to be attributed to the action of the gabbro on the Animikie. 

This change consists in a complete recrystallization of the fragmental elements 
of the rock. The quartz is no longer in rounded grains but in limpid interlocking 
angular ones, embracing poikilitically the biotite. There is occasionally a small 
grain of some plagioclase, revealed by its twin striation, and there may be more than 
appear, since, except for the visible striation, it would be difficult to distinguish it 
from the prevalent quartz. There is also a little muscovite and a few minute grains 
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of one or two other undetermined minerals. It appears from this that the effect of 
the gabbro on a fragmental quartzyte of the Animikie is to render it a compactly 
siliceous crystalline one, in which the original clastic structure, so far as it is evinced 
in the shapes of the grains, is lost. The nature, and even the structure, of the result- 
ant rock are, however, not those of massive crystalline rocks resulting from the 
cooling of a molten magma. Outwardly it still shows a banding and a weak schis- 
tosity, which are parallel (ater se, and which probably express the direction of the 
original sedimentation, The rock is fine-grained and dark gray, sparkling with the 
fine mica cleavages. 

The gabbro, coming from the direction of Duluth, forms a sharp angle with 
the strike of the Animikie, and as its northern border crosses first its uppermost 
member (as just noted) and then the iron-bearing taconyte and the quartzyte, it is 
the cause of very important and interesting transformations. Its direction is not 
dependent on the strike of the Animikie, for it passes across it entirely and enters 
on the granites and schists of the Archean, This fact is illustrated in T. 61-12 of 
this plate, and more fully by the plate next east of this (plate 78). 

This contact zone of the gabbro on the Animikie has been the object of some 
study by the officers of the survey, as well as by others.* The change is a gradual 
one, increasing in proportion as the distance diminishes between the gabbro and the 
strike of the strata concerned. The first specimen collected from this altered belt is 
No. 437, and it is described in Bulletin vi of the Minnesota survey, p. 129. It is there 
said to be composed exclusively of actinolite and magnetite.t The occurrence of 
the same amphibole (which is apparently griinerite instead of actinolite for the 
most part) is known as far west as the iron mines at Virginia and Mountain Iron, 
where also are traces of magnetite in thin seams. It appears that these two 
minerals make their appearance in the iron-bearing rocks under very slight provo- 
cation, and that they attain their complete display in the area that is most affected 
by the gabbro. Some of the amphibole crystals are several inches in length. This 
largest size prevails near the bottom of the formation at the point where the strike 
of the gabbro intersects that of the iron-bearing rock. They have been found 
especially in the vicinity of Birch lake and Akeley lake. This rock has been 
distinctively known in some literature as the “ actinolite-magnetite schist. belt,” 
especially on the south side of lake Superior, but there is little reason to perpetuate 
that term, especially as the rock is liable to great variation and is an accidental 
phase of a well-known belt which is otherwise known as Pewabic quartzytet or 
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*W.S8, BAYLEY. Nineteenth Annual Report, 180, pp. 198-210; Amer, Jour. Sei., (iii), xlvi, 1888, pp. 176-180; Jour. Geol., iti, 
pp. 1-20, 1895. 

+ This was several years before the announcement by W. 5S. Bayley of the “discovery ” of actinolite-magnetite schists in 
the Mesabi range. Amer, Journal Science (iii), xlvi, 1893, pp. 176-180. Prof. A. H. Chester had also mentioned the same in Eleventh 
Annual Report, p. 159. 

} Reasons are given elsewhere (viz.,in the chapter devoted to the structural geology) for classing the Pewabic quartzyte 
and its associated minerals in the Keewatin. Compare also the chapter devoted to Lake county. The basal quartzyte of the 
Animikie, westward from Iron lake, is hence given the name Pokegama quartzyte. The fine actinolite (grinerite) schists seem to 
prevail in modified Animikie, and the olivine-magnetite-pyroxene schists in the modified Keewatin. 
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quartzyte and taconyte. It was designated in Bulletin vi “the quartzose, horn- 
blendic (or olivinitic) magnetite group.” 

Aside from these two minerals which are almost invariably present in the 
iron-bearing horizon, other minerals are generated, some of which present very 
interesting and novel petrographic associations. Numerous minerals which usually 
accompany only the basic eruptives are here combined with the most acid* elements 
in immediate contact. The amphibole becomes pyroxene, and it is. both ortho- 
rhombic (enstatite) and monoclinic (diallage), and they are sometimes intergrown 
(No. 960) in the manner not uncommon for these two minerals, viz.: 010 of the 
diallage being parallel to 100 of the enstatite,f and in this form making large masses. 
At the same time the diallage is twinned polysynthetically parallel to 001. This 
twinning is liable to be mistaken for prismatic cleavage of an amphibole seen in 
thin section cut in the prismatic zone. Lastly, hypersthene frequently embraces 
the other minerals poikilitically. 

Still further, olivine becomes one of the most common minerals. This fact 
gave occasion to designate the ore as ofirinitic cron ore in some of the early reports. 
A piece of this lean ore (No. 960), contaming much quartz and olivine, when 
powdered, will form a jelly in hydrochloric acid, if allowed to stand a few hours. 
The details of the petrography will be found in vol. v, and need not be given here. 

It is sufficient to repeat that these curious associations are all due to the action 
of the gabbro on jaspilitic lodes in the Keewatin, which, when recrystallized, consti- 


tute the Pewabie quartzyte. They are no part of the gabbro proper. They are 


found to come on gradually as the gabbro is approached,t quartz being always the 
leading element, in the form of microcrystalline interlocking grains, which are of 
secondary origin, or as coarse quartz debris from the granite. Microcrystalline 
quartz, in this case, is not a product of the gabbro intrusion, as that must have 
existed in the formation in the same manner as it exists further east and at Tower, 
where the gabbro has not affected it. The glauconitie alteration in the Animikie 
must have been in part performed before the gabbro, and the products were further 
altered by intense crystallization. In some places in the Aninikie the taconitic strue- 
ture is preserved (Nos. 1630, 365H), but usually it is destroyed by the concentration of 
‘the minerals under the action of the gabbro. The silica then becomes simply a coarse 
vitreous quartzyte similar to the Pewabic quartzyte. In some places the basal strata of 
the Animikie seem to have embraced much fine green sediment derived from the 
greenstones of the Keewatin (No. 1639). It is to be supposed that such debris, when 
recrystallized, would give rise to minerals like those from which it had been derived. 


*Compare H. HENSOLDT, Bulletin vi, p. 128, 1890. 
+ Minéralogie de France et de ses colonics, vol. i, yp. dB. 
JA. H. ELPTMAN, Tienty-second Annual Report, p. 168, 1898. 
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[Rock samples. 
It is a fact that the appearance of the above mentioned basic minerals, constituting 
sometimes, in small quantities, a rock (No. 1339) which might be named lherzolyte,* 
embraced in nodules and narrow streaks in the general quartzose mass, is near 
the greenstones of the Archean, where the jaspilyte of the Keewatin is embraced 
in the greenstones, or in their metamorphic representative, the muscovadyte. 

The geographic transition from the Pokegama quartzyte, belonging to the 
Animikie, to the Pewabie, belonging to the Keewatin, takes place not far from Iron 
lake, near the centre of this area, and as they were originally of similar composition, 
they give resulting metamorphic rocks, under the gabbro intrusion, which are petro- 
graphically difficult to distinguish. They must then be differentiated by general 
structural relations and by stratigraphic associations. The Pokegama quartzyte 
usually dips less than 25°, becoming horizontal, and the Pewabic usually more than 
75°, becoming vertical. The Pokegama quartzyte is associated with taconitic iron 
ore, and the Pewabic with jaspilitic. The former ore is not known to be titaniferous; 
the latter is usually distinctly titaniferous. The Pokegama quartzyte is never asso- 
ciated with the peculiar muscovadyte, but the Pewabic is never without it. The 
Pokegama quartzyte, with its taconitic companion, is known to be overlain by the 
black slates of Animikie, and occurs only westward from Iron lake. The Pewabic 
quartzyte is overlain and underlain invariably by muscovadyte, or by “gabbro” 
when the alteration was intense, and occurs only eastward from the vicinity of 
Iron lake. 

Rock samples of this area are as follows: Nos. 955-978; 1187-1140; 1627-164]; 
1710-1714; 356H-375H; 394H-406H; 115G-1238G; 1M-9M. 


* Bulletin vi, p. 127. 
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CHAPTER XXT. 


THE GEOLOGY OF THE GABBRO LAKE PLATE.* 
By U. S. GRANT. 


Situation and area, The Gabbro Lake plate is situated on the western side of 
Lake county (in fact the western tier of sections is in St. Louis county, as the line 
separating the two counties is the width of this tier of sections east of the west side 
of range 11W.), north of the centre. On the west, or rather southwest, is the Dunka 
River plate (plate 77), and on the east the Snowbank Lake plate (plate 79). The 
Gabbro Lake plate, so called from the lake of that namet near the centre of T. 62-10, 
includes all of T's. 61-10, 61--11, 62-10 and 62-11, and the south half of Ts. 63-10 and 
63-11, all west of the fourth principal meridian. The area of the plate, inclusive of 
water surface, 1s about 154 sqnare miles. 


SURFACE FEATURES. 


Topography. The surface is rough and hilly, but there are no pronounced hill 
ranges and no elevations which rise 200 feet above the surrounding country. The 
plate is not so readily divided into parts which are topographically distinct, as 1s the 
case with the Fraser Lake plate and the plates to the east of it. It may be stated, 
however, (1) That north of White Iron and Farm lakes, and the Kawishiwi river in 
Ts. 63-11 and 63-10, the hills usually have an east and west trend corresponding to 
the rock structure; (2) In the granite area, ¢. ¢., between the two parts of the 
Kawishiwi river (the southern part of which is called Birch river), the hills seem to 
have no general system, thus agreeing with the structureless underlying granite; 
and (3) In the gabbro area, to the south and east of the south part (Birch river), of 
the Kawishiwi river, the hills run northeast and southwest, this direction being due 


* The area included in th.s plate has been examined at various times dy different parties of the survey, and most of the 
field notes have been published. The individuals who did the work, the dates of the work, and the places of publication are as 
follows: N.H. WINCHELL, field work of IS78, Ninth Annual Report, pp. 1,92: field work of 1886, Fifteenth Annual Report, pp. 
318-633; fleld work of 1887, NSirteenth Annaal Report, pp. U1, U2; field work of 1892, not published ; fleld work of 1sv7, Twenty-fourth 
Annual Report, A. WINSCHELL, field work of Dd, Fifteenth Anieual Report, pp. ds-t0, 67-92: field work of 188s, Sirleenth Annual 
Report, pp. $27,328. M. E. WaAbsworth, field work of 1886, Pistecath Anu val Report, pp. 330-382. HV. WINCH KILL, fleld taki 
IR8X, Seventeenth Annual Report, pp. 9.0. Ul 8. Grant, field work of 1888, Neventcenth A naval Report, pp- 165, es as hal i 
field work of 1801, Tiventicth Annual Report, pp. 38-30, A. HH. ELeTM an, field work of 1803, published in part in gee Maa 
Annual Report, pp. 141-18, and Tiventy-third Annual Report, pp. 224-230. The writer’s field work has been largely confin to 
the northern boundary of the granite in T. 65-10. ; 

+The Chippewa name for this lake is Wazushkonabika-gamak, which seems to mean the lake whose shores are of shelving 
rock, in reference to the gently sloping shores of gabbro. 
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to the structure of the gabbro, which rock is not only separated into sheets having 
this strike, but which is also in places separated into bands of somewhat different 
composition (figures 5 and 6, plate MM). While these three divisions of the con- 
figuration of the surface exist, still they are not markedly different from each other, 
and a traveller passing from one division to another would scarcely notice the change. 

Drainage.” The Gabbro Lake plate lies in the drainage basin of Hudson bay, and 
all the drainage passes through Garden lake to Fall lake, the latter of which empties 
into Basswood (Bassimenan) lake, one of the series of international boundary lakes 
whose waters flow westward, The stream passing from Garden to Fall lake is about 
half a mile long and carries the waters not only from this plate, but from most of 
central Lake county and part of St. Louis county. It is thus a stream of consider- 
able size. Between these two lakes the descent of the river is seventy-one feet, and 
about thirty-five feet of this is in one fall, known as Kawasachong falls (see figure 
1 of plate BB). 

Mention has already been made of the two parts of the Kawishiwi* river, which 
is not truly a river, but a collection of elongated lakes connected by short, rapid 
streams. Tn sees. 24, 25, 26 and 27, T. 63-10, is one of these lakes which, like a few 
others in northeastern Minnesota,+ has two outlets, one at the west in section 28, 
and another at the south in section 26. The water which passes through the former 
flows westward to Garden lake, while the water from the latter flows southwest 
through Copeland’s lake and Birch river to Birch lake, and then north through — 
White Iron lake to Garden lake. Thus a triangular area of considerable size in the 
northern part of this plate, which area is nearly all underlain by granite, is an island. 

The drift. As in the region adjoining this plate, the drift is thin and rock out- 
crops are numerous. Comparatively little is known concerning the general drift 
features in this plate, but the Mesabi or Eleventh terminal moraine probably passes 
along the southern edge of this plate while the Vermilion or Twelfth morainic 1s 
thought to pass through the northern side of the plate in the vicinity of White [ron, 


Farm and Carden lakes. 
GEOLOGICAL STRUCTURE. 


The Archean. The rocks included in the Archean may be conveniently divided 
into three groups, as follows: (1) Greenstones and jaspilytes, (2) Mica and quartz- 
magnetite schists and graywackes, and (3) Granite. The first occupies a belt about 
a mile wide along the northern side of the plate, the second occurs in a narrow belt 
just south of the first, and the third occupies the triangular area between the two 
parts of the Kawishiwi river. They are all referred to the Keewatin. 


*It seems that the Chippewa Indians of this part of the state know this stream as the Vishitishiiwis in the reports of the 
gurvey it is called the Aawishitec, while to the settlers in this vieinity and toexplorers in general it is known as the Cashatcay. 
+f, U.S. Grant: Lakes with two outlets in northeastern Minnesota, Amer. Geol., vol. xix, pp. 407-411, June, 1897. 
tSee Twenty-sccond Annual Report, plate L 
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PLATE MM. 


Fic. I. 
Rock LAKE, NEAR CENTER OF SEC. 17, T. 65-5 W. 


Fic. 3. 


Fic. 5. 


Gro. Nat. Hist. Sur. MINN. 


S aad 3 
~—- 


GRANITE BLUIF SHATTERED BY FROST; SEc. 12, 
T. 6o-4 W. 


(p. 463.) 


FALLS, OVER GREENSTONE, AT THE OUTLET OF FROG Fic. 2.) BLUEBERRY RAPIDS, OVER GRANITE, ON THE BOUNDARY 


(p. 463.) RIVER, NORTH OF GUNFLINT LAKE, NEAR CENTER OF SEC. 


12, T. 65-4 W.  (p. 463.) 


Fic. 4. BOULDER-FILLED CHANNEL; N. W. Xj, Sec. 12, 
T. 63-4 W. (p. 464.) 


LAYERS OF FINE GRAINED GABBRO, NORTH END OF Fic. 6. A NEARER VIEW OF THE SAME, AS SHOWN IN_FIGURE 5. 


BASHITANAQUEB LAKE, 


(pp. 400, 477, 483.) 


(pp. 400, 477, 483.) 
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Pickerel and Clearwater lakes.} 


Considerable field work has been done on this plate, and before giving a sketch 
of the various rocks, it will be best to include some of the detailed observations 


concerning them. The following notes refer to the Archean rocks principally in T. 
63-10." 


Pickerel lake. Pickerel laket is a small body of water cut by the line between secs. 24 and 25, T. 63-11, 
and secs. 19 and 30, T. 63-10. The shore, where visited, was found to be made of a more or less massive rock, which 
in all the reports on this region has been called greenstone or greenstone schist. From the little bay of the 
Kawishiwi river in the N. E. 14 8S. W. 14 sec. 2, T. 63-11, a portage leads to the southwest corner of this lake. 
The southern half of the portage shows angular blocks of mica schist, probably not far removed from their 
original position, and the northern one-third of the portage is over a ridge of rather massive greenstone. The 
greenstone extends all along the south shore of the lake. It is shown by No. 305G, which is very dark green 
and schistose, and occurs just east of the portage, No. 306G, more compact and siliceous, and No. 307G, which 
was taken from the outlet of the lake in the N. EB. 14 N. W. 14 sec. 30, T. 63-10. At the east end of the lake, 
just south of the section line, the rock is green, very tough and massive; it presents the appearance of a consol- 
idated volcanic ash (No. 308G). Only one place (S. W. 14 S. W. 14 sec. 19, T. 63-10) on the north shore of the lake 
was examined; here the rock is a fine-grained massive greenstone (No. 309G}. 

A section was made from this lake south along a trail, which is almost on the range line, to the Kawishiwi 
river. Several low ridges were crossed, the general trend of the ridges being east and west. Just south of the 
lake there are no outcrops seen; but a low ridge of fine-grained compact greenstone (No. 299Q) is soon reached. 
This rock is cut in every direction by minute, branching, yellow and pink veins; it shows no structural lines, but 
appears perfectly massive. On going farther south the rock becomes schistose, this structure being vertical and 
running east and west. It is cut by a small dike, four or tive feet wide, of a quartzless porphyry (No. 300G). 
This rock held a small piece of the greenstone, which is very schistose at the dike walls, otherwise not being 
- different from that farther away. The dike runs almost east and west and was traced rather disconnectedly for 
tifty feet. No. 301G shows the contact of the two rocks. Farther south occur several outcrops of a tinely lam- 
inated schistose rock (No. 310G) which approaches a mica schist. The lamin have been twisted considerably 
in places, but the general strike is east and west, and the dip is vertical. This rock continues nearly to the 
quarter post, but just before reaching this a rather coarse-grained red syenyte is seen (No. 311G). The hornblende 
is roughly arranged in elongated spots, thus giving to the rock a decidedly gneissic structure which runs east and 
west and stands nearly vertical. Associated with this svenyte are small areas of a fine-grained granitic rock 
(No. 312G). This gneissic syenyte continues about half the distance from the quarter post to the Kawishiwi 
river, and then assumes a darker, finer-grained aspect (No. 313G), with the hornblende much more abundant 
than in No. 311G. It now contains fragments, from one inch to several feet in length, of a dark mica schist 
(No. 314G): these fragments are mostly lens-shaped and their outlines are distinct. The svenyte also holds 
many veins, up to ten inches across, of a rather fine grained biotite granite (No. 315G). At this place the gneissic 
structure in the syenyte, the long axes of the mica schist fragments and the general direction of the granitic 
veins are northwest and southeast. Mica schist now extends to the river and also occurs on the little point in 
the S. W. 14S. W. 14 sec. 30, T. 63-10; here, a little back from the shore, is a low ridge of the schist (No. 316G) 
which strikes 80° W. of N. and dips N. 65°. In it is an irregular vein of very fine granitic rock (No. 317G). 

Clearwater lake. Clearwaterf{ lake lies almost entirely in sec. 32, T. 63-10, with a small bay projecting 
into the BE. 1; N. E. 14 sec. 31. Excepting a small area at the northwest corner of the Jake, near the portage 
north to the Kawishiwi river, the shores are composed of reddish syenyte, which is quite constant in character. 
In the S. W. 14 N. W.14 sec. 32, the syenyte shows an irregular flow structure, which is more evident here 
than elsewhere on the lake, although seen in several other places. It twists considerably, but stands about ver- 
tical, and its general trend is east and west. No. 337G shows this structure very well, although the lines are not 
usually as near together and as distinct as on this specimen. The syenyte of this lake is well represented by 
Nos. 338G and 339G, the former coming from the same locality as No. 337G, and the latter from the extreme 
northern end of the little bay that extends into the S. W. 14S. E. 14 sec. 29. The rock is microscopically a 
rather coarse-grained aggregate of hornblende and reddish feldspar in about equal amounts. 

Where the line between sections 32 and 31 cuts the north shore of the lake the syenyte is seen mixed in with 
mica schist (see tizure 63). The schist is much twisted and the syenyte exhibits the flowage structure, as shown 
by No. 337G. Most of the syenyte here is of the usual character, but in some areas it is of a finer grain (No, 
340G). Just west of this place the syenyte and mica schist are seen in contact. The schist is much disturbed 
and twisted and the dip and strike could not be accurately determined, but the general trend is a little south of 
east, with a very high northerly dip. ‘The contact is irregular, but sharp, and is shown in the specimens num- 
bered 341G. No. 342G is the syenyte within a foot of the contact. 

At one place on the portage, running northwest from the lake, and in several places on the shore in the 
E. 15 of N. EB. 14 sec. 32, there is a dark-green rock (No.343G) which is a coarse-grained aggregate of hornblende 
with a small variable quantity of feldspar. It presents a very rough, jagged, weathered surface. It is cut by 


*Twenticth Annual Report, pp. 36-0. 
+The Chippewa name for this lake is Gi-n6é-ses, which is the word for pickerel. 
} The Chippewa name is Gawaukamik. 
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vein-like stringers of reddish syenyte (No. 344G) similar to the ordinary syenyte of the region, by a gray variety 
(No. 345C;) of the same and by a small trap dike (No. 346G). The last is but four inches wide and was traced for 
fifteen feet; it is probably a very fine-grained diahase. 


mica vehial. [Bev ]eyenste 


FIG. 6. CONTACT OF SYENYTE AND MICA SCHIST. 
N. E.!, N. E. '4 sec. 31, T. 63-10, north shore of Clearwater lake. 


South Branch of the Kawishiwi river (T. 63-10 and T. 62-10). Going north from the river nearly on the 
line between secs. 5 and 6, T. 62-10, the syenyte is seen to be cut by irregular smaj] dikes or branching veins of 
a hornblende rock (No. 349G) similar to that mentioned above (No. 343G). These veins cut the syenyte in every 
direction and their outlines are very sharp and distinct, especially on weathered surfaces. The syenyte here 
varies somewhat, and as arule is darker colored than that seen elsewhere in this vicinity. The syenyte on the 
river shore near the above mentioned section line is also somewhat finer grained and darker than is usual (Nos. 
350G and 351G). On the north shore of the river in the S. W. 14 N. W. 14 sec. 5, T. 62-10, is a rather coarse- 
grained dioryte (Nos, 352G, 353G and 354G); it is more than half made up of green hornblende, and the feldspar 
is white or grayish, the rock thus standing in sharp contrast to the surrounding syenyte. The relations of the 
two rocks were not seen here, but the dioryte probably is the same as the hornblende vein rocks described above, 
although in this place the dioryte may possibly represent a basic facies of the syenyte. 

No. 355G, from the S. E. 14 N. E. 14 sec. 5, T. 62 10, well represents the syenyte in this immediate vicinity. 
It is arock of medium grain, reddish in color, and composed of a flesh-colored to reddish feldspar and hornblende; 
the latter makes up about one-third of the rock. (Going south along the river in sections 5, 4 and 9, the syenyte,: 
as a rule, becomes finer grained, and in some places holds biotite instead of hornblende. 

At the north end of the portage, N. W. 14S. W. 14 sec. 9, T. 62-10, just at the water's edge, is an outcrop 
of medium-yrained hornblende granite (No. 356G): the quartz makes up about one-fourth of the rock. This is 
evidently a part of the syenyte of the region, but is the first seen that contains macroscopic quartz grains in any 
amount. About one-third way across the portage the coarse-grained gray gabbro (No. 357G), common to this 
region, isseen. This was traced west of the portage to within 200 feet of the syenyte, but low ground with no 
exposures intervened between the two rocks. Heie the syenyte is fine grained and micaceous, as is shown by 
Nos. 358Gjand 359G, the former being more properly a biotite granite. The syenyte is cut by small dikes or 
veins of a fine-grained red aplyte (No.360G) composed almost entirely of a red feldspar and quartz. The gabbro 
retained its coarse-grained character as near to the syenyte as it was found. 

The east side of the rapids, in S: W. 14 sec. 9, T. 62-10, was carefully examined in order to study the rela- 
tions of the syenyte and gabbro, but nothing conclusive was seen. The syenyte here is shown by Nos. 361G and 
362G, both rather fine grained and micaceous. Between the syenyte and gabbro were found Nos. 363G and 364G, 
the former partaking of the characters of the syenyte and containing larye quantities of a dark mineral, probably 
hornblende; the latter is finer grained and very dark in color. There were no continuous exposures connecting 
the syenyte and gabbro. At the foot of the rapids I found several angular blocks, apparently not far removed 
from their original position, of a fine-grained purplish rock, probably a porphyryte (No. 365G). Mr. Wood exam- 
ined the west side of the rapids, but could not find the gabbro and syenyte near each other. 

The west shore of the river in secs. 34, 35 and 26, T. 63-10, is made up of the ordinary syenyte, which varies 
somewhat in the amount of hornblende it contains, as seen in Nos. 366G and 367G. No. 366G is quite dark in 
color and the hornblende makes up more than one-half of the rock, -this facies, however, is exceptional. No. 
367G is much lighter colored and is at least three-fourths composed of feldspar. No. 368G, from the S. W. 14 of 
sec. 34, fairly shows the syenyte along this shore; it is composed of flesh-colored to red feldspar and black horn- 
blende, the latter making up perhaps one-third of the rock. This rock is of a medium coarse grain. 

North branch of the Kawishiwi river (T. 63-10, and sec. 19,T. 63-9). Mr. Wood went south from the river 
about on the west line of sec. 31, T. 63-10, for about half a mile. He reported mica schist (No. 318G) all the way, 
but in a few places, especially just south of the river, a green schistose rock (No. 319G), probably a condition of 
the greenstone, was seen. From this section line he went northeast to the bay in the S. E. 4 S. W. 14 of sec. 3U, 
but saw no rock in situ except the mica schist. 

The little promontory on the south side of the river in the N. E. 44 S. W. 4 sec. 30, is made up of red 
ayenyte (No, 320G). This is a rather coarse-grained rock, and in some places it shows a distinct gneissic arrange- 
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ment of the feldspar and hornblende. It is cut by a dike of a dark hornblendic rock (No. 321G); this dike is 
vertical and varies from ten inches to two feet in width; it runs a little south of east and was traced for fifty feet. 
The west end of the portage across this promontory is in the mica schist, but the line between the schist and 
syenyte soon crosses the portage and runs a little south of the bayin the S. W. 148. E.14 of sec. 30. The two rocks 
were seen in actual contact just north of the portage; there was no transition from one to the other, the line between 
them being quite distinct. The syenyte was finer grained and grayer in color near the contact; this is shown by 
Nos. 322G to 325G, which were taken within a distance of two feet. The last one was touching No. 326G, which 
_ is unmistakably part of the mica schist. No. 327G is the mica schist near to the last, and No. 328G represents it - 

a few feet from the syenyte. The line of contact was vertical and rather irregular; the syenyte usually followed 
the direction of the schistosity, but in some places broke across it for a few inches. On the portage a few loose 
blocks were seen which showed both rocks in sharp contact (No. 329G ); however, it is not certain that these 
blocks had not been moved some distance. 

The west shore of the river in the E. 13 of sec. 30 is almost all syenyte, but about the centre of the shore 
line some mica schist is seen mixed with the syenyte. The latter extends in vein-like branches into the former 
and also encloses pieces of it. Mr. Wood went from this place west to the stream that enters the river in the S. 
E. 14 N. W. 34 gec. 30, and reported syenyte all the way. He also found a fine-grained dioryte dike (No. 330G), in 
the syenyte; this ran north and south, was ten feet in width and was traced for sixty feet. He also reported 
many inclusions in the syenyte, of which Nos. 331G and 332G are samples; the former is a dark, rather fine- 
grained dioryte, the latter a fine-grained siliceous schist. 

At the rapids in the S. B. 14 N. E. 14 sec. 30, the river flows over angular syenyte fragments, On the east 
shore of the river in the same one-sixteenth section mica schist and syenyte are seen in contact. There is not as 
sharp a line here between the two rocks as at the above described locality; the change from one to the other occurs 
within one or two inches; Nos. 333G to 336G represent this change. The first three of these were taken within 
a distance of three inches. 

The point in the N. EB. 14 sec. 26 is made up of the ordinary coarse red syenyte of the region, but on the 
north side of this point, about the centre of the section, is a dark, rather coarse-grained dioryte (No. 369G). 
Macroscopically this is seen to consist of hornblende and a white feldspar, the former in larger amount than 
the latter. Under the microscope the feldspar is seen to be very highly altered, and in only a few places is it 
fresh enough to show traces of polysynthetic twinning; the hornblende is of the ordinary green variety, and is 
extensively changed to chlorite and some few flakes of biotite. The relation of this dioryte to the syenyte of 
the region was not determined, but the impression is that this is a basic facies of the syenyte. The dioryte is cut 
by a fine-grained trap dike (No. 370G) and also by a light reddish fine-grained granite (No. 371G). The last 
appears in quite an amount and extends along the south shore of the river as far as the west end of the island 
in the S. E. 14 N. W. 14 sec. 26. A short distance beyond this the dioryte is seen in contact with a fine-grained 
gray granite (No. 372G), which is probably a part of the same rock as No. 371G. The dioryte here (No. 373G) 
has both red and white feldspar and seems to be rather intermediate between the ordinary syenyte and the 
dioryte described above (No. 369G), thus indicating the probable identity of the two rocks. No. 374G shows the 
two rocks (Nos. 372G and 373G) in contact; the line is very sharp and distinct, but at this place nothing was 
seen to indicate the relative ages of the two. The dioryte continues along the shore in the 8S. W. 34 sec. 26, and 
in some places becomes lighter colored, as shown by No. 375G. In a westerly facing dioryte cliff (N. W. 44 S. W.- 
14 sec. 26) are three small dikes, about a foot wide, running diagonally up the cliff towards the north. No. 376G 
was taken from one of these dikes; it is a dark, rather fine-grained rock, composed almost entirely of hornblende. 

At the southern end of the bay in S. W. 14 S. W. 14 sec. 26 the syenyte again occurs. It is here represented 
by No.377G, which has most of its hornblende altered tochlorite. At this place a small piece of finely laminated 
gneiss (No. 378G) was found enclosed in the syeny te. The western shore in the E. 14 sec. 27 is composed of the 
syenyte similar to No. 377G. 

Just north of the river on the line betwean secs. 21 and 22 is a low outcrop of aphanitic greenstone (No. 
379G). It is much cracked and fissured and shows an indistinct, coarse, schistose structure, which is vertical 
and runs east and west. Farther north from the lake on the same section line is an outcrop of very massive 
greenstone (No. 380G), which is of coarser grain and grayer color than that last mentioned. This is seen in con- 
tact with a quartz porphyry (No. 381G), which holds a few quartz crystals, many white feldspars and numerous 
dmall pyrite grains in a grayish groundmass. The contact line between the two rocks is sharp, stands vertical 
and runs north and south. Only a small area of the quartz porphyry was exposed; it probably forms a dike in 
the greenstone. Continuing northward on this section line for about three-quarters of a mile from the river, 
several ridges of massive greenstone are crossed. No. 382G shows the most massive and coarse-grained condition 
of this greenstone. 

On the north shore of the river, just west of the line between sections 27 and 28, are several outcrops of a 
fissured greenstone similar to No. 379G. Farther west on the same shore, and just east of the portage, is a large 
outcrop of a finely laminated gray wacke-\ike rock (No. 383G); it is in some places much coarser grained, as shown 
by No. 384G. The strike is N. 75° E., and the dip from 75° to 80° S. On the north side of the river and between 
the portage and the head of the rapids (N. E. 14 N. E. 14 sec. 28) a rock similar to the last, except that it is more 
massive in appearance, isfound. Here,on some of the weathered surfaces, an indistinct vertical lamination is seen; 
this varies somewhat in direction, but the general trend appears to be about 25° E. of N. Nos. 385G and 386G 
represent the rock at this place. This laminated rock belongs to a fragmental series which is here in contact with 
syenyte. This series is made up of rocks which are very often graywackes and often mica schists, with all inter- 
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mediate stages; and there are also some facies that are more like coarse grits, siliceous schists and even sericitic 
schists. These different facies constantly intergrade. For convenience the term “ graywacke-like rock” will be 
used for the finer-grained and Jess crystalline rocks of this series. Mica schist and gneiss will be used to refer to 
parts of the same series which are more highly altered. 

A short distance from the east end of the above mentioned portage, rock similar to Nos. 383G and 384G, is 
found: here the lamination is distinct; the strike is 72° KE. of N., and the dip S. 85°. A little further west the 
syenyte No. 3877 occurs. It has a vertical yneissic structure which is very evident on weathered surfaces: 
this strikes on the average about 70° EK, of N., but varies as much as 15° either side of this direction. This syenyte 
occurs directly in the strike of the last mentioned outcrop of laminated graywacke-like rock. 

About half way across the portage is a soft fissile greenstone or greenstone schist (No. 388G). In this is a 
series of parallel veinings which coincide with the direction of the cleavage planes in the rock; both stand ver- 
tical and strike N. 80° E. A few feet south of this the ordinary syenyte is seen. There is almost a contin- 
uous exposure between the two rocks, and samples illustrating the change from one to the other were taken. 
No. 389G, from eight inches south of No. 388G; No. 390G; was eight inches further south; then within a foot 
came No. 331G and No. 3920: two feet further was No. 393G, and three feet from this No. 394G, which grades 
into the ordinary syenyte represented by No. 387G. The change from the greenstone schist td the syenyte is 
first noticed by a small amount of red feldspar in the greenstone; the feldspar gradually increases in amount and 
the green material decreases until the ordinary syenyte is reached. The schistose structure in the greenstone 
and the gneissic structure in the syenyte are parallel and grade into each other as the two rocks intermingle. 
One hundred feet north of this place is a low southerly facing bluff of greenstone, much cracked and fissured. 
On the weathered surfaces it shows a series of reddish, vertical veinings whose average strike is N. 70° E., and 
almost at right angles to this are two nearly parallel systems of joints which cut the rock into small elongated 
diamond-shaped areas.* Specimen No. 305(7; shows this jointing fairly well. 

Further west on the portage trail more of the greenstone is seen. Then the syenyte appears again, and 
beyond this, not more than 200 vards east of the west end of the portage, the graywacke-like rock again appears. 
It has the distinct lamination seen before and strikes N. 60? E.; the dip varies from 80° towards the north of 
this line to 70° on the other side. The syenyte occurs on the portage directly in the strike of this rock and not 
more than 150 yards east of it. The laminated rock is seen in contact with the syenyte, which here lies north of 
of it, about fifty yards north of the stream. It is here shown by No. 395aG, which has considerable sericitic 
materia] developed in it. Eight inches north of this occurs the actual contact between the two rocks; the hand 
specimens No. 396G show this. The line between the two is distinct, but the syenyte holds considerable of the 
material of the other rock. Six inches north of this the svenyte is shown by No. 397G; seven inches beyond by 
No. 398: eighteen inches from this by No. 390G, and four feet further north it has its usual character and appear- 
ance, as shown by No. 400G;. At this place the contact was along the strike of the laminated rock, and there is 
nothing to show their relative ages. The syenyte now extends northward for thirty feet, where it disappears 
under the soil, as it does just to the west of this place. Boulders of massive greenstone occur just north of the 
syenyte, but the greenstone is not seen certainly in place until a low ridge of it (No. 401G) is reached fifty feet 
north of the syenyte. 

The high ridge, running east and west through the N. 1, N. W. 14 sec. 28, is composed of massive green- 
stone. In places it is cut by irregular branching dikes of gray quartz porphyry. These dikes vary from ap 
inch up to more than a dozen feet across. The principal and largest one runs about east and west along the 
southern edge of the top of the ridge and varies considerably in width. The contact between the porphyry and 
the greenstone is sharp, and there is no intermingling of the two rocks. At the contact the greenstone does not 
appear to be much changed except that it is more broken and fissured. Pieces of the greenstone are included 
in the dyke. Nos. 402G and 403G represent this porphyry: the former was taken within three inches of the edge 
of the dike, and the latter about four feet from the edge. Tais rock has a grayish ground mass in which are 
imbedded a few quartz grains and numerous flesh-colored and blood-red feldspars. The quartz is more plentiful 
near the edge of the dike (No. 402G. In places the rovk contain3 minute cavities, apparently formed by the 
weathering out of certain constituents of the rock. 

On going south from the stream into the S. KE. 14 N. W. 14 sec. 28, the graywacke-like rock is seen showing 
the characteristic lamination. Soon this rock begins to grow more crystalline, and this character becomes more 
and more pronounced as one proceeds southward. No. 494G shows this more crystalline facies, but in this 
the lamination is still distinctly preserved. Interbedded with this are beds of a less crystalline character, a8 
shown by No. 405G, which is very similar to the mica schist found to the west in section 3), already described. 
Other facies of this rock are shown by Nos. 406G, 407G and 408G, which are all completely crystalline. The 
first of these is a distincy gneiss, and the latter show no gneissic structure,even on the most favorable weathered 


surfaces. Macroscupically these three specimens are seen to be composed of quartz, a light-colored feldspar, . 


biotite and some little hornblende. These rocks, while completely crystalline, can in no wise be separated from 
the Jess crystalline facies and the graywacke-like rocks already mentioned several times. They are interbedded 
in bands from one-half inch to two feet in thickness, the more crystalline always in the thicker beds. They 
seem to grade into each other across the strike, and in some places the less crystalline is replaced along the strike 
by the more crystalline, the former fading out into the latter. The most crystalline facies contain many black, 
lens-shaped pieces of black dioryte (No, 409(;); these pieces are composed mostly of hornblende with some little 


*Compare the diagrams of jointing and schistose structure in the greenstones of the Menominee river, Michigan; Bulletin 
ixti, U. 8. Geol. Survey, p. 12. 
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white feldspar. The exposures above described extend south from the stream for a quarter of a mile, and 
beyond this is low, swampy ground with no exposures. The strike at the most southerly place seen was N.70° K., 
and the dip vertical or very steep toward the south. _ 

A narrow belt of syenyte (No. 410G) extends along the north sists of the river in the N. 13 N. E. 1g sec. 
29. Just north of the syenyte is a range of greenstone hills running east and west. In some places the two 
rocks were seen within fifty feet of each other, but at no place was the junction between them seen. The 
syenyte rises in a bold bluff at the portage in the W. !, N. W. 14 N. E. 14 sec. 29. About one-quarter of a mile 
east of this portage the greenstone is cut by an irregular dike of gray quartz porphyry (No. 411G). This dike 
where examined is three to ten feet wide and has a general east and west direction. It was also seen, but not 
visited, in the greenstone both east and west of this locality. This dike is probably a westward continuation 
of that already described from the N. 1, N. W. 14 sec. 28. 

Coming south from the river about on the line between sections 28 and 29, the laminated rock and gneiss 
similar to that described above (Nos. 404G-408G) are seen in many exposures. About one-third of a mile from 
the river the syenyte suddenly appears. It was first seen as a belt, 100 feet in width, running parallel with the 
gneiss which appears on both sides of it. The gneiss preserves its usual character and distinct alternation of 
different bands clear to the syenyte. No. 420G shows this rock within a few feet of the syenyte. Nos. 421G and 
422G come from within three and one inches respectively of the syenyte; the latter is some more coarsely crys- 
tallized and contains many distinct hornblende grains and some red feldspar. No. 423G shows the two rocks 
together; the line between them is quite sharp and distinct. No. 424 is the syenyte just beyond No. 423G; it is 
quite gneissic in structure. The strike of the gneiss is N. 60° E., and the gneissic structure of the syenyte 
stands parallel to this; the dip is 5° either side of the vertical. In some places the line between the two rocks, 
instead of running with the lamination, runs across the strike for a few inches. In other places the syenyte is 
more completely granitic in structure as shown by No. 425G. A short distance south of this the gneiss is much 
contorted and is cut by stringers, two to three feet across, of the syenyte; some of these run with the lamination 
of the gneiss and others cut across it. There is no gradation from the gneiss to the syenyte; the line between 
the two is clear and sharp. Further south the syenyte becomes the prevailing rock, and in many places it holds 
lenticular masses of the gneiss. 

On the south shore of the river just west of the line between sections 28 and 29 the laminated rock is 
seen. Still further west, about half way from this section line to the rapids, which are about in the N. W. 4 
N. E. 34 sec. 29, the syenyte again appears, but less than 200 feet south from the shore it comes in contact with 
the laminated rock. The junction here is along the strike of the laminated rock and the syenyte was not seen 
cutting across the strike. The line between the two was distinct and easily seen on weathered surfaces. From 
the rapids just mentioned west to the east line of section 30 the laminated rock occurs on the south shore, and 
a high bluff of it is seen just south of the river on this section line. The little bay in the N. E.1g N. EB. 14 sec. 30 
has syenyte on its south and greenstone on its north shore. 

Mr. Wood went south from the river about on the line between sections 29 and’°30. He found the lam- 
inated rock in place all the way until nearly half a mile from the river, when the syenyte was seen. No. 426(3 
shows the laminated rock, which here approaches a mica schist, and No. 427G is more accurately a: mica schist. 
This latter facies of the rock was that most commonly seen, but that seen nearest the syenyte was more like 
No. 426G. 

The north shore of the river, in the N. 1s N. W. 14 sec. 29, is made of greenstone, but the syenyte comes in 
at the water's edge just west of the portage in the eastern edge of this quarter section. I went north from the 
river on the west line of this section for one-third mile, but found no rock except massive greenstone, of which 
several exposures were seen. About one-fourth of a mile east of this line and just north of the river the green- 
stone is cut by a dike of reddish fine-grained rock (No. 428G), resembling a syenyte porphyry. The dike has an 
east and west direction and was traced for fifty feet. The sides of it were covered by soil, and as far as seen it 
was not more than ten feet wide. 

The point on the south side of the river, in the W. 15 N. W. 44 N. W. 14 sec. 27, is made up of the lam- 
inated rock* and is well shown by the specimens already described, -Nos. 383G to 386G. The strikes varies 
from N. 30° E. to 45° E., and the dip from 75° to 80° §.E. Along the shore just west of this point the lamine are 
much contorted. The point on the north side of the little bay in the same one-sixteenth section is also made of 
the same rock. The small island in this bay is composed mostly of the syenyte, but the northern side has a little 
of the laminated rock. Near the syenyte this rock changes, becoming more crystalline and acquiring some 
reddish feldspar (Nos. 429G, 430G and 431G; but this condition exists only within a few inches of the syenyte,—-in 
fact the syenyte, as shown by No. 432G, is seen within six inches of the above specimens. The junction between 
the two is easily seen as a pretty distinct line on weathered surfaces. Small pieces of the laminated rock were 
found in the syenyte; No. 433G is from one of these. On the shore just east of this the syenyte is intimately 
mixed with the laminated rock; still the line between the two is distinct and the syenyte seems to have enclosed 
pieces of the other rock. In one place the syenyte holds a small area of a dark compact mica schist (No. 434G), 
which is really part of the Jaminated rock, and shows lamination in favorable places. No. 435G shows this rock 
and the syenyte together; they are marked off from each other by a sharp line. 

The laminated rock is again seen on both points of the promontory in the N. E. 14 N. W. 4 sec. 27, but 
the syenyte appears on the western shore of the little bay in this one-sixteenth section, ee also on the south and 
east sides of it. At the southeastern corner of this bay the rock has a decidedly schistose structure, and there 


* This is the rock described by N. H. WiNcCHELLin Fifteenth Annual Report, p. 852, under No. 989. 
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are alternating bands of schistose svenyte (No. 436G), and rock similar to Nos. 429G and 431G, which appears to 
be an altered condition of the laminated rock; this is shown by Nos, 437G and 438G. These bands of syenyte 
and Nos. 437G and 438G vary from one inch to one foot in width, and they are parallel to the schistosity of 
both rocks. This is N. 40° E., and the dip nearly vertical. Nos, 437G and 438Q, while still retaining consid- 
erable of the sericitic material, have large quantities of reddish feldspar and some hornblende developed in 
them. Between these bands and almost always running parallel with them, are vein-like forms of a fine-grained 
pinkish vranitic rock (No. 489), holding tlesh-eolored feldspar phenocrysts. These veins vary from one to ten 
inches across, and rapidly change their thickness in a short distance. They are also frequently faulted. 

On the north shore of the river in the N. W.14 N. W. 14 sec. 27 the laminated rock is found, and just 
north of this is a belt of syenyté 150 feet wide, separating this rock from the greenstone. The junction of the 
syenyte and Jaminated rock was seen in one place: the phenomena at the contact are the same as those already 
described under Nos. 395aG to 400G. The line between the two rocks runs parallel with the strike of the lamin- 
ated rock and is quite easily distinguished. The syenyte is also seen in contact with the greenstone; the change 
from one rock to the other occupies one or two feet and is essentially the same as that described above under 
Nos. 388G to 3044. In some places in this vicinity the syenyte, especially when in close proximity to the green- 
stone, becomes very schistose, as is shown by No. 440G, which is dark colored and shows a decidedly gneissic 
structure: but generally in this one-sixteenth section the syenyte is dark, massive and chloritic (No. 441G). The 
syenyte extends along the north shore from this place to the small bay in the S. Bb. 14 8S. BE. tg sec. 2. It 
forms only a narrow belt between the river and the greenstone ridge Just north of it. Along this shore the 
svenyte varies from a massive state, similar to No. 432G, to a more chloritic (No. 441G) and schistose condition 
(No. 440G). , 

The island in the middle of the river just north of the west end of the promontory, in the N. E. 14 N. 
W. 14 sec. 27, is composed entirely of the graywacke-like rock. The lamination is very pronounced and the 
strike is quite constant, being about N. 63° E.; the dip is nearly vertical. This strike would carry the rock into 
the north shore of the river less than a quarter of a mile east of the island, but there the syenyte is seen and 
there is no sign of the graywacke-like rock. 

On the little bay, in the S. E. 14S. EB. 14 sec. 22, the graywacke-like rock is again seen just north of the 
south line of this section. The lamination is very distinct, and, while varying some, has a general northeasterly 
strike. A short distance south of this the syenyte appears and extends along the north side and to the end of 
the point which makes the southern side of this bay. The graywacke-like rock makes up the southern half of 
this point: it is much twisted and crumpled. Its junction with the syenyte was seen in one place; the line 
between this (No. 442G.) and the syenyte (nassive and similar to No. 432G) was distinct. Just at the contact the 
graywacke like rock showed distinct lamination in but a few smal] areas and here it faded out in a short distance. 
Away from the contact the lamination was very evident, though much twisted, and the rock was more like Nos. 
383G and 384G. ‘The massive syenyte is seen again on this point just east and west of the line between sections 
26 and 27. ; 

In the N. W. 14 N. W. 14 N. W. 1, sec. 26, the syenyte is found on the shore. Just north of it the gray- 
wacke-like rock is seen: this becomes somewhat more crystalline, as shown by Nos. 443G and 444G, and it seems 
to pass gradually into No. 445G, which is a distinct gray gneiss. However, this gneiss was seen to hold sharply 
detined lenticular pieces of rock similar to some facies of the greenstone. No. 446G shows the gneiss and part of 
one of the lenticular pieces in it. The junction of the gneiss and syenyte was not seen. The syenyte here pre- 
sents a decidedly gneissic structure, but this grades into the more massive facies within two or three feet. The 
phenomena here seem to be about the same as those described under Nos. 404G to 409G: the gneiss (No. 445) is 
apparently a changed condition of the graywacke-like rock, although in some places the two are separated by a 
sharp line. Fifteen feet north of this the graywacke-like rock again appears; it is nearly vertical, and, while 
bent in some places, there is a decided general strike of N. 60° E. At times the rock is similar to Nos. 383G and 
3844, and again like No. 443G. This graywacke-like rock continues northward for about 200 feet and then the 
syenyte occurs. The two are separated by low ground with no exposures. 

The syenyte continues northeastwardly along the northwest shore of this bay (N. 1g N. W 14 sec. 26) for 
some distance, and in it is a band of the graywacke-like rock ten feet wide. This is sharply marked off from 
the syesyte on each side, and is distinctly laminated, striking northeast. In some places this band is similar to 
No. 443G, but the most of it is mica schist, as shown by No. 447G. On the north side of this bay hills of green- 
stone are seen in the N. W. 14 N. W. 1, sec. 26. The greenstone and syenyte were seen within fifty feet of each 
other, but the junction was not found. The syenyte becomes schistose and chloritic near the greenstone, as has 
been described farther to the west. Within 300 feet of the greenstone the syenyte holds irregular sharply out- 
lined pieces of the greenstone, which are from one to ten feet in diameter. On the weathered surfaces these 
pieces very closely resemble the greenstone in the hills just to the north, but on freshly broken surfaces the rock 
is seen to be slightly darker than the greenstone in the hills. No. 448G is from one of these pieces in the syenyte. 
The greenstone in the hills near the syenyte has a schistose structure, as shown by No. 449G. This is 
twisted and somewhat irregular, but the general strike is N. 65° E., and the dip about vertical. The rock is 
lighter in color than the ordinary greenstone and contains some feldspar which weathers reddish. A short 
distance to the east the greenstone assumes the characteristic green color seen farther to the west, but the 
schistose structure does not altogether disappear. On the eastern side of the small point on the north shore of 
this bay the syenyte occurs in a low outcrop. It is here in contact with the graywacke-like rock, but seems to 
enclose masses of thisrock. The syenyte here is mostly massive, but in a few places shows a gneissic structure 
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which runs northeastwardly. There are pieces (a foot or so in length) of the graywacke-like rock enclosed in 
the syenyte; most of these are facies of the rock approaching mica schist. These pieces are mostly irregularly 
lenticular in shape, and the lamination is parallel with their long axes, which usually lie in a northeasterly 
direction. Syenyte occurs on the east shore of this bay. 

The shores of the little bay which lies partly in the extreme southern part of section 23 are jined with 
svenyte of the ordinary massive kind. About 100 yards north of the northwest corner of the bay is a hill of 
syenyte which presents the schistose and chloritic character seen several times in close proximity to the green- 
stone. At the extreme eastern end of the bay the syenyte is seen in contact with a dark dioryte (No. 450G), 
which is spotted by large blotches of hornblende. The contact line is sharp, as shown by No. 451G, and neither 
of the rocks appears changed at the contact. The syenyte is cut,on the eastern shores of the bay, by a coarse- 
grained pegmatyte (No. 452G@). This consists of large flesh-colored feldspars and small quartz grains, and often 
shows a true pegmatitic structure. | 

From this bay to the rapids, in the KE. 1, S. EB. 14 sec. 24, the north shore of the river has numerous out- 
crops of the ordinary massive syenyte. No micaschist or graywacke-like rock was seen along this shore, although 
special search was made for them. : 

On the south shore of the river,in the N. W. 14 sec. 25, there is a westerly facing gabbro cliff. On the 
face of the cliff was a small area, a foot square, of a reddish syenyte bearing much biotite. The specimen col- 
lected (No. 460G) shows this rock and the gabbro. No other rock, except the gabbro, was found on the cliff. 
Just at the foot of the cliff was a large block of gray syenyte (No. 461G) and several small red syenyte fragments 
(No. 462G)); these looked as if they had been broken off from the face of the cliff. This is possibly the line of 
junction between the syenyte and the gabbro, but nothing more than above stated could be seen. The gabbro 
was the ordinary coarse-grained facies. 

The syenyte of section 24 varies a little from that described from section 27. It is represented by No. 
463G, which is somewhat finer grained than the ordinary facies and is lighter in color, being wore of a gray than 
a red syenyte, but on weathering it takes on a reddish color. 

The river in the S. W. 14 sec. 19, T. 63-9, has two rapid channels around a small island, not shown on the 
township plat. The portage is along the south shore of the southern channel. At the east end of this portage 
gray syenyte, similar to No. 463U, occurs. Just beyond the portage and on the south shore of the island, is a dark 
rock No. 46447), which seems to be intermediate between the gabbro and thesyenyte. It is a very compact rock 
of medium grain and uniform dark color, and on a freshly fractured surface shows in places yellowish color due 
to minute cracks; on weathered surfaces it has the appearance of the gabbro. This rock grades into the syenyte 
(No. 467G), through Nos. 465G and 466G. The syenyte was found at only one place, and that at the foot of a low 
cliff; the change from No. 464G to the syenyte, occupies two or three feet. This seems to be the junction of the 
gabbro and the syenyte, but no true gabbro was found on the island, and it is not certain that No. 464G does 
represent the contact facies of the gabbro. Near the eastern end of the island vray syenyte, shown by No. 469G, 
is again seen. The ordinary coarse-grained gabbro (No. 468G) occurs on the south shore of the river just oppo- 
site this island, and on this shore no syenyte was found. From this island the syenyte continues along the west 
side of the river to the western end of the little bay in the 8. KE. 14 N. W. 1, sec. 19, T. 63-9. The only exception 
to this is that on the south side of the point about the centre of see. 19, T. 63-9, the gabbro, similar to No. 468G, 
is seen in a low outcrop. Thirty feet north of this gabbro is a gray rock (No. 470G), which seems to be interme- 
diate between the gabbroand the syenyte. And 100 feet north of this the syenyte is again seen. There is no 
continuous exposure between this svenyte and the gabbro mentioned above. In places on a little island, which 
lies Just off the end of this point, the syenyte has a gneissic structure which stands about vertical and strikes 
N. 40° E. 

Small lakes (T. 63-10, north of the Kawishiwi river). Starting from the river, on the line between sec- 
tions 28 and 29, is a portave which runs north to a narrow lake, which hes in sections 15, 16,20 and 21. The 
portage crosses several greenstone ridges. These present an extremely massive appearance; this is especially 
noticeable towards the north end of the portage. No. 412G fairly represents this greenstone; it is a dark green 
aphanitic rock; it was taken from an outcrop on the portage about an cighth of a mile north of the section 
corner. Greenstone of the same massive kind, with no evidence of schistosity or lamination, extends along the 
shores of this lake in section 20. At the west end of the lake a dike of gray granite porphyry (No. 413G) cuts 
the greenstone. The general direction of the dike is east and west, but not enough of it was exposed to show 
the exact width, though this is probably not more than fifteen feet. In the rock are many quartz and feldspar 
phenocrysts, some of the latter being a half an inch in length. Macroscopically this rock closely resembles No. 
417G. A small island, in the W. !, S. W. 314 N. W. 14 sec. 21, also shows more of this granite porphyry. 
Greenstone extends along the north shore in section 21, but on the point. in the N. W. 1, N. E. 14 of the same 
section, there is a bluff of a fine-grained red-weathering siliceous rock (No, 414G)), which is probably a facies of 
quartz porphyry. Just north of this bluff the greenstone occurs, but the junction of the two rocks was not seen. 
Greenstone appears to make the rest of the lake shore, but on the east side of the little bay (south shore of the 
lake), in the W.!, N. BE. 1, see. 21, a dike of quartz porphyry is seen cutting the greenstone. This dike is 
fifty feet wide, stands vertical and strikes a little north of west; this strike would carry it directly into the rock 
(No. 414G) mentioned above, which is probably a continuation of this dike. The contact between the green- 
stone and quartz porphyry is sharp and distinct, and the former does not seem to be especially altered near this 
line. The centre of the dtke is much coarser grained than the edge. No. 415G shows the greenstone within two 
inches of the dike; No. 416G is the quartz porphyry two inches from the edge of the dike, and No. 417G is the 
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same from the centre of the dike. The quartz porphyry No. 417G is of a general pinkish color; it contains 
many quartz and feldspar phenocrysts, the latter being white and flesh-colored. 

The shores of this lake seem to be made entirely of greenstone, cut in a few places by quartz porphyry 
dikes. The greenstone is very massive and in no place where examined shows any evidence of lamination or 
schistosity. It is well represented by No. 412G, from the portage south of the lake, and by No. 418G, from the 
north shore on the line between sections 16 and 21. . 

From this lake there is a trail running north on the line between sections 15 and 16 to a small lake lying 
in the N. W. 14 of sec. 15 and the N. EK. 14 of see. 16. No rock is in situ along this trail, but at the shore of the 
latter lake the greenstone is in place. The shores of the lake, as far as could be seen from the meander corner, 
were lined with rock which had all the appearance of greenstone. On this trail and a few yards south of the 
lake is a low hill, the north side of which shows many angular fragments of rock. This rock is made up of 
alternating bands of compact black slate and bands of almost pure magnetite. These bands vary from one- 
eighth of an inch to an inch in thickness. They are very regular, and on the whole the rock is very similar to 
some Keewatin ore described from Ottertrack lake.* The fragments of this rock were of all sizes up to those 
three feet in diameter, and while no pieces were exactly in situ, still there can be no doubt but that the rock is 
tn situ just below these frazments. No. 419G represents this rock. 

From the north shore of the Kawishiwi river, in the N. BE. 14S. W. 14 sec. 24, a portage runs northwest. 
erly to the southeast corner of Triangle lake. This lake lies in sees, 13, 14, 23 and 24, T. 63-10. Just north of the 
river the portage crosses a low ridge of gneissic syenyte, and a short distance beyond is a ridge of the graywacke- 
like rock. This latter is shown by Nos. 493G, 494@ and 455G. Just east of the portage this ridge is seen to 
better advantage: here the strike is N. 60° E., and the dip vertical. Fifty feet north of this ridge massive green- 
stone (No, 456G;) is seen, The two rocks were traced within thirty feet of each other, but the junction was cov- 
ered by soil. Beyond this more greenstone ridges are seen on the portage; usually the rock is massive in appear- 
ance, but it sometimes shows an indistinct schistose structure which stands vertical and strikes about northeast. 
About half way over the portage is a ridge of greenish, finely laminated rock, represented by No. 457G. The 
lamination is very distinctly seen on weathered surfaces, and in places the rock is decidedly slaty. The strike is 
N. 65° E., and the dip vertical. This rock seems to be a facies of the greenstone. Beyond this rock greenstone 
is seen in several places on the trail before reaching Triangle lake. Several outcrops on the east shore of this 
lake were examined, but the rock was all greenstone. 

From the northeast corner of Triangle lake a portage of a few yards leads to Northwestern lake, which lies 
in secs. 11, 12, 13 and 14, T. 63-10, and sees. 7 and 18, T. 63-9. On the south side of a small island, in the N. E. 4 
N. W. !, sec. 13 (Northwestern lake), is a low outcrop of altered quartz porphyry (No. 458G). This rock has the 
yroundmass almost entirely changed to a sericitic condition, but it still contains many porphyritic quartzes and 
large pinkish feldspars. Some of the feldspars are an inch long; they can be readily broken out of the ground- 
mags, and they show complete crystal outlines. The sericitic groundmass gives a rough schistose structure to 
the rock: the strike of this is N. 60° E., and the dip about vertical. The south shore of this lake was examined 
in several places and the greenstone was the only rock seen: this extends to the extreme eastern end of the lake 
in the N. BE. 14 sec. 18, T. 63-9. On the north side of the lake, in the N. B. 14 N. EB. 4 sec. 13, T. 63-10, the green- 
stone has a peculiarly mottled appearance. This is shown by No. 459G. It is due to numerous black blotches, 
apparently of hornblende. 


(1). Greenstones and jaspilyte. At the northern side of the plate there is a 
belt of rock which 1s composed very largely of greenstones apd greenstone schists 
which are closely associated, at least geographically, with jaspilyte and iron ore. 
Some of the general characters and relations of these greenstones have already been 
given in the field notes Just presented. These rocks occur in typical development 
at Kawasachong falls and in that vicinity. Here they have been studied by Prof. 
N. H. Winchell, and his notes on them are given below.t 


Kawasachong falls.~ The rock here exposed was referred to in the report of 1880 (No, 356). It is an 
important and typical rock of the region, and seems to play a leading part, in towns further south and east, in 
producing some of the principal topographic features. It is represented by samples Nos. 997, 998 and 99). It 
is agreen doleritic rock, more or less affected by decay: lies in heavy, irregular bedding that slopes northward 
at a greater angle than the descent of the river through the rapids from Garden lake to Fall lake. This bedding 
is variously blocked out by joints, and sometimes it shows a columnar structure. The beds are unconformable 
with some jaspilyte which appears on the right bank near the head of the rapids, and on the trail near the same 


*Screnteenth Annual Report, pp. 112, 1038. 

$¢ Fifteenth Annual Report, pp. 31-829. 

t The Grand Marais Indians apply the name Aavwstsachony to Fall lake. meaning mist or foam lake, referring to the spray 
and mist produced by these falls, visible to the canoe-man who cvasts along the shore past the mouth of this river. This name 
and this spelling were obtained of the well known Indian guide and trapper, Paul Morrison, by the writer in 1878, and, on account 
of some doubt of their correctness, they were again given by him to the writer in 1886, 
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place, apparently lying on the upturned vertical beds of the jaspilyte. This jaspilyte is more correctly styled 
a magnetic quartz schist. It stands in sheets nearly vertical, yet dipping north. It is dark-colored, but some- 
times is reddened with hematite. Sample No. 1000. 

This heavily bedded, rough, refractory doleritic rock can be of no other than eruptive origin. It is 
supposed to be inferior to the principal gabbro masses of the Mesabi range, as will appear by further descriptions, 
and some phase of it form3 the contact.rock on other, nearly vertical, strata in nearly all places where the 
junction line can be seen. It extends southward indefinitely, giving some characteristic outcrops on Garden 
lake and in the eastern portions of Kawishiwi valley. 

The geological situation at Kawasachong falls is expressed, in general, by the following diagram, which 
shows a section north and south through the falls: 
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FIG. 64. PROFILE THROUGH KAWASACHONG FALLS, FROM FALL LAKE TO GARDEN LAKE. 


The south shore of Fall lake. Westward from the mouth of the Kawishiwi river, the rock that forms the 
falls continues, forming rather high land, particularly in the point that projects into sec. 17,T. 63-11. It appears 
at the shore on the point in the northeast corner of sec. 19, T. 63-11, where the bluff rises about twenty feet. 

Near the centre of sec. 19 T. 63-11, at the lake shore, is a confused “sericitic schist,” near the water, 
coarsely fissile lenticularly, not soft, but with a jagged upper surface, represented by No. 1004. The prevailing 
structure in this dips southerly. Above this rock, in the same bluff, is a rock represented by No. 1005, which is 
a doleritic rock, probably the representative of the Kawasachong Falls rock. It has a coarse jointage, and an 
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FIG. 65. BLUFF WEST OF KAWASACHONG FALLS, SOUTH SHORE OF FALL LAKE. 


irregular coarse bedding that dips about northwest, at an angle of 30° from the horizon. This cannot be seen 
- here to overlie, nor to pass into, the rock near the water (No. 1004), but it is possible that the rock near the water 
is only a rotted and disintegrating condition of that in the upper part of the bluff. There is a greater difference 
in the outward prevalent structure than in the mineral composition. 

At the sharp point projecting southwestward, a little further southwest, but near the centre of the same 
section, is an interesting exposure which seems to shed light on the nature and origin of the rock forming the 
Kawasachong falls. A rock which resembles the schist No. 1004 occupies the lake shore nearly all about, at the 
water level. But at, or near, the extremity of the point, on the north side, the rock which forms the falls of the 
Kawishiwi, and which seems to be continuous to this place in the uplands, appears in the form of a dike rising 
through those schists, the contact on the south side of the dike being plainly visible. One iscrumpled schistose, 
fine-grained, hardened, the schistose structure running north-northeast, at an angle of about 75° from the 
horizon; and the other is coarsely jointed, the main jointage system being, as stated before, at an angle of about 
30° from the horizon. The colors of the two approach the same tint of doleritic green, and the hardening 
action of the dike is perceptible for some distance on the schist. Figure 66 shows the relative position of this 
dike, and the shape of the joint formed by it. 

One of the interesting points about this exposure is the widening of the area of the eruptive rock toward 
the east, by means of overlie on the schists. This is inferred to have taken ‘place at other places, notably on the 
jaspilyte near the head of the rapids from Garden lake, as shown by figure 64, but at no place has the actual 
contact and overlie been seen so boldly exhibited as at the place indicated on the map. j 

A cross section of the point, showing this overlie, would be about as represented by figure 67, the observer 
looking about northeast. The line of contact and of change of structure is not so abrupt as the figure indicates, 
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the eruptive rock being welded on the schists, the schists becoming diabasic, and making a rock similar to that 
which is seen on the eastern branches of the Kawishiwi where the same conjunction of geological features is 
exhihited. The entire transition, excepting the genera) hardening of the schists, is completed within the space of 
an inch, or even less. Indeed on close inspection it is apparent that a mere film, or a line only, evident on the 
face of the blutf by a thread-like groove, separates the two rocks in many places. 
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FIG. 66. SKETCH-MAP OF A POINT ON THE SOUTH SHORE OF FALL LAKE. 


Mo. 1006 represents the schist near the dike. ’ 

No. 1007, Small specimen of granular quartz with pyrite disseminated, got in contact with No. 1006. There 
is very little of this. It is evidently due to the effect of the dike on the rock through which it comes. 

No. 1008. Obtained two feet from the dike, on the south side. 
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FIG. 67. OVERFLOWING DIKE ROCK LYING ON SCHIST. 


No. 1009 is a sample of the dike rock. 

No. 1010 represents the contact, containing some of each rock, at the place represented in figure 68. But 
this specimen does not fairly show the flowage structure in the diabase. It is difficult to get a specimen 
containing all the characters. 

Parallel with the line of contact, in the diabase, the weather brings to light what might be styled properly 
a flowage structure, while the schistuse structure is continued in the schists squarely up to the line of contact, 
the two systems of lining making an angle, at the contact line, of about 20°, as in figure 68 on page 411. 

The flowage structure in the diabase extends indistinctly, sometimes about three inches from the line of 
contact. It is made visible on the weathered surface by the more rapid whitening of one of the constituent 
minerals which, for some reason, was disposed along the contact in somewhat greater abundance in thin parallel 
lines. 

This is probably but one of the smaller outlets for the igneous rock seen at Kawasachong falls and further 
south and east. It formsa great stratum, lying unconformably on the schists here, apparently descending toward 
the valley of Fall lake. 

A trail passes south from the bay in sec. 19, T. 63-11, to the head of the bay, extending from Garden lake 
into sec. 30, T. 63-11. In the S. E. 4 of sec. 19 is a hill which is broad and heavily timbered, and at various 
places near the top are outcrops of*jaspilyte, but whether they are transported masses from the main range 
further south, now embraced in the igneous matrix which forms the main rock of the hill, or are themselves a part 
of the rock ix situ, could not be learned from any observations made. The jaspilyte is more nearly a black 
banded magnetited quartz schist. At one point some surface working has been done, but there is shown no dipor 
strike, simply a breccia of quartz schist cemented by quartz veins. The rock of the hill on which this occurs is 
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represented by No. 1011, which was seen at a number of places in small outcrops between the lake shore and the 
top of the hill. It is essentially the rock that forms the Kawasachong falls. 

On the trail running south through sec. 19, T. 63-11, after passing an irregular elevation that seems to be 
made up of igneous rock, and then a low space, there intervenes another ridge made of a coarse greenish gray. 
rock, resembling a modified graywacke of a rather fine grain (No. 1014). This is but little south of the section 
line between sections 19 and 30, and to the west of the trail. It rises about fifty feet above the trail. This rock 
seems to vary toward the rock that makes the falls of the Kawishiwi. But this variation is due probably to the 
action of that rock upon it when the two came into contact at the time of the eruption of the molten rock. 

At the lake shore, in the N. E. 4 sec. 30, T. 63-11, is rock No. 1015, which is identical in mineral character 
with the last. This is found where the trail from Fall lake réaches the bay in section 30, and shows its sedi- . 
mentary origin more evidently than further north. It is fine-grained, brecciated, rising in a rough and coarsely 
jointed manner in hills about fifty or sixty feet above the lake, and extending in a series of short, overlapping 
ridges westward, rising a hundréd or a hundred and fifty feet above Garden lake. 

About through the centre of sec. 30, T. 63-11, runs a series of ridges, showing more or less of jasper 
hematite (No. 1016). Their direction is 10° south of west. This range is on the south side of the hills mentioned 
(No. 1015), and they show a crumpled and broken banding of iron and jasper, the latter being sometimes red, 
but never having, so far as seen, a persistent dip or strike. Several parties have located land for iron mining 
in this section. 


FIG. 6&. SHOWING THE LINE OF CONTACT OF THE DIKE ROCK OF FIGURE 6 ON THE SCHISTS AND THE 
FLOWAGE STRUCTURE IN THE DIKE. 


At one point, east of the centre of the section, the bands of jaspilyte have a direction N. 60° E. over quite 
a large area. It is associated with a greenish wackenitic rock which seems to be worthy of the name of porodyte 
in some places. This doubtful rock lies both on the north and on the south sides of the ore. It is not, however, 
apparently conglomeratic. 

About Garden lake. The island in sec. 20, T. 63-11, near the outlet of Garden lake, consists of the same 
rock as that at Kawasachong falls,a green diabase, but has some of the schistose structure, due to disintegration, 
tbat is visible at the falls. But the greater part of it is entire, or massive. Similar rock extends along the 
shore of the Jake southwest from this island, nearly to the bluff at the head of the bay in section 30, where it 
gives place to a changed graywacke (No. 1014), as already noted. In one place, on the north side of this long 
arm, about in N. W. 34 sec. 29, T. 63-11, this is so much changed by, and mingled with, diabase that it does not 
differ much from the diabase. The most notable difference is in having a pinkish-red, weathered exterior, in 
some small areas, and in being porpbhyritic and quartzose in otbers. It has a streamed or flowage structure in 
narrow belts that surround lenticular, structureless areas from six inches to twelve inches in diameter. 

On the point on the south side of the lake, in the S. W. 14 of sec. 21, T. 63-11, is black or red jaspilyte, so 
far as visible mainly in loose pieces, but so abundant that the bed rock must he near. These are under water 
except at very low stage. The black, magnetited condition of this Jaspilyte is less able to resist frost and 
weather, separating in curving and conchoidal sheets parallel with the bedding. 

There will be some difficulty in separating by mapping, if not by obvious mineral characters, the changed 
graywacke seen.about the west arm of this lake and elsewhere, from the diabase. I cannot do it in the field 
with satisfaction. It will require a more careful study of the specimens collected. Still this belt of rock so 
indefinite is not very wide. It pertains to the contact phenomena. There is a wide distinction apparent between 
the typical rocks, and sometimes these differences are brought into abrupt contrast by a sudden transition, but 
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it is usually not so. The transition is usually gradual, the more enduring, noticeable distinction being a lighter 
green color, and a siliceous aspect in the wackenitic rock, ¢. e. an acidic character, and a dark green or basic 
character in the diabasic. 

About on the section line, between secs. 21 and 28, T. 63-11, on the south side of the lake, just south of the 
little point at which appear the foregoing detached fragments of jaspilyte, is an exposure of green diabase over 
which one may walk, on a glaciated surface, for a distance of fifty or sixty rods. This is at the level of the lake, 
and is partly tlooded when the water is high. Here can be read a very instructive lesson in metamorphism. 
There is a transition, under the varying influence of the lake at higher or lower levels, and the slight difference in 
crystalline texture at different places, on the same rock surface, from nearly a massive doleryte to a green chlorite 

schist. The gradations in structure, color and mineral character are indistinguishable from foot to foot over the 
surface, but the extremes, exhibited at the opposite ends of the uncovered rock beach, are so great that one 
would hesitate, without such ocular demonstration, to admit that they are different conditions of the same rock. 
Perfect facility here is afforded for the inspection of every inch of this rock surface. This is the doleryte (or 
diabase) that has been referred to as lying unconformably on the jaspilyte, and as constituting the rock at the 
falls of Kawasachony. It here changes to a green chlorite schist, and recalls at once the green schist seen to 
have the same relation tothe Jaspilyte at Tower. It almost demonstrates the eruptive origin of that green schist.* 

No. 1017. Green schist with disseminated striated crystals of white calcite that rapidly effervesce in acid, 
and some granular (?) quartz, such as seen in the green schist at Tower, in small lenticular patches, From the 
foregoing outcrop N. W. 14 of sec. 28, T. 63-11. 

No. 1018. Similar schist, from the same exposed surface, but showing no white crystals; same place. 

No. 1019. Similar schist, less schistose; same place. 

No. 1020. Similar rock, hardly schistose; same place. 

No. 1021. Similar rock, but evidently changed from an igneous rock; same place. 

No. 1022. Changed doleryte; same place. 

No, 1023. From the midst of the very schistose parts (Nos. 1017-1018) showing a preservation of firmness 
and massive structure in some places; from the same place. : 

The strike of the schistosity is E. 23° 30’ N., and vertical. There is no banding of sedimentary structure 
in this rock. 

On an island about three-fourths of a mile further east, in the bed of the river, the strike of the schist is 
E. 15° N. It here verges more evidently toward the Kawaschong falls rock. 

At Quinn’s, N. W. 14 of sec. 27, T. 63-11, among the boulders of granite, etc., are some of jasper and 
hematite. The rock in outcrop is diabasic, apparently belonging to that last mentioned, though weathering 
rather light-colored, and in that respect resembling the moditied graywacke. 

At Julian Bausman’s, S. W. 14 sec. 23, T. 63-11, is a good showing of iron, though visible in several isolated 
outcrops, and at no place in large amounts. It is not worked yet, nor uncovered. It is probably in the range of 
that noted in the S. W. 14 of sec. 21, T. 63-11, and appears like it. Mr. Bausman says it is traceable, by needle 
mainly, being magnetic and rather black-red, through the rest of this section and eastward. Rock No. 1024, 
obtained at Bausman’s, S. W. 14 of sec. 23, T. 63-11, is a somewhat schistose magnetic iron ore. This does not 
show the usual character of the ore here, so far as can be seen, but one of the forms it takes. 

This sample gives: 


Tron, - - - - - - é : - 3 3 ‘ = 47.07 
Titanium, = - - - - - - - - P . 3 ‘ Trace 
Chromium, - - - - - : i a“ - : P 3 None 


In sec. 21, T. 63-11, according to Mr. EK. Byrne, a ridge of black jasper and magnetite, or two of them in 
one place, extends from near the east side of the section nearly due west, becoming involved with, or “covered 
by,” at least replaced by, a quartzose poroditic rock, No. 1H and No. 283W. After an interval of about 150 feet 
of this rock, the same black rock recurs, and extends westwardly. It is next seen further south, where it consti- 
tutes a distinct ridge, and is traceable through two-thirds of section 21. This iron ore is represented by No. 1025. 
This iron range seems to continue, with more or less interruption, through secs. 23 and 13 in T 63-11, and 
appears also in the next town east. 

On the N. W. 44 of sec. 28, T. 63-11, a diabasic green rock (No. 949) cuts a greenish, hard, finely schistose 
rock (No. 948), the contact being well exposed on the south side for a distance of a few feet. A schist somewhat 
resembling this, but more nodular, and more like an igneous breccia of schist and diabase, forms a small island 
in the S. E. 14 of sec. 20, T. 63-11. It dips south, but stands nearly perpendicular. 


This greenstone formation varies much in general aspect, being sometimes a 
massive dioryte or altered diabase,and again being a very soft fissile green schist. 
In some places, as just described above, near the line between secs. 21 and 28, T. 
63-11 W., the schistose rock is seen to be directly derived from the massive rock, 
the former being a part of the latter, which has been subjected to dynamic action. 


*Subsequent microscopical examination of this schist and even of the rock of the Kawasachong falls, showed that they 
are all probably tfragmental, although often associated with diabase.—N. H. W. 
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In general these rocks are composed of green hornblende and feldspar, with 
- frequently other minerals, such as chlorite, biotite, quartz, epidote and magnetite, 
but the green hornblende is the all-pervading constituent. In a few cases these 
greenstones seem to show fragmental grains, but in such cases it is difficult to 
determine without farther work whether such occurrences represent tufaceous 
deposits or clastic rocks derived from pre-existing greenstones. In very many cases 
the rock presents characters which cannot be referred with certainty to a definite 
origin; such rock is usually schistose. In many other cases the rock (compare Nos. 
1009, 1011, 1015, 1018, 1020, 1023) evidently was originally an igneous rock of the 
nature of diabase. 

From the field descriptions and from what has been seen of these greenstones 
in the vicinity of Fall and Garden lakes and elsewhere, it seems clear that, as a 
group, these rocks are distinct in origin from the jaspilytes with which they are so 
intimately axssociated.* The main mass of these greenstones are basic igneous rocks, 
and those in the area of the Gabbro Lake plate are regarded as, in general, of later 
date than, and intrusive into, the jaspilytes. It is quite likely that parts of these 
rocks also represent surface flows and fragmental volcanic material, while smaller 
parts were perhaps deposited in the form of water-assorted fragmental volcanic 
material, or as detrital material derived from pre-existing greenstones. 

In the chapters devoted to the Snowbank Lake, Fraser Lake and Akeley Lake 
plates mention is made of some possibly pre-Keewatin greenstones, t.e., those belong- 
ing to the Fundamental Complex. Rocks of ths age have not been recognized in 
the area of the Gabbro Lake plate, although they may exist, but such rocks probably 
do exist to the north, in T. 64-10 W. The greenstones here described, and also the 
jaspilytes, are referred to the Lower Keewatin. | 

The jaspilytes,as already stated, occur in close association with the greenstones, 
and frequently are completely surrounded, at least at the surface, by these rocks. 
The location of:some of the jaspilyte masses are as follows: In T. 63-11, especially 
in section 30; also in section 20 just east of the stream connecting Garden and Fall 
lakes, in S. W. } sec. 23, and in section 21.. 

(2). Quartz porphyry. Rock of this nature exists in dikes which cut the green- 
stones in a number of places. These rocks are light gray to reddish in color, and are 
very distinct from the greenstones. Commonly, porphyritic quartz crystals are present, 
but sometimes they are lacking, while porphyritic feldspars are always present. One 
of the most noticeable of these dikes runs east and west near the top of the green- 
stone ridge which lies just to the north of the Kawishiwi river in secs. 28 and 29, T. | 


63-10. Others of these dikes have been described in the field notes already given.t+ 


* Compare, also, the descriptions in the chapter on the Snowbank Lake plate. 
+ No. s0uG, p. 401; No. 381G, p. 408; No. 403G, p. 404; No. 411¢t. p.; 405 No. 413G, p. 407; No. 417G, p. 408; No. 458G, p. 408. 
28 
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(3). Mica and quartz-magnetite schists. Situated just to the south of the green- 
stone belt is a belt of schistose rocks which lie between the greenstone and the 
granite. The exact age of these schists is not known, but they are supposed to 
belong, also, to the Lower Keewatin. Their relation to the greenstone and jaspilyte 
is not certain. 

At the outlet of White Iron lake, a locality known as “Silver City,” and in the 
immediate vicinity, are some quartz-magnetite schists, which stand nearly vertical 
and strike towards the north-northeast. These rocks vary much in composition; 
they are finely banded and certain of the bands could be called magnetite schist, 
quartz schist, mica schist and hornblende schist. Some of them seem to be griinerite 
(or cummingtonite) schists (No. 950), and others contain garnet (No.11138). Farther 
east, as around Farm and Friday lakes and along the Kawishiwi river in Ts. 63-1] 
and 68-10, the schists are typical mica schists. In places the schists are more like 
graywackes, which is thought to have been their original condition, their more crys- 
talline character being due in large part to the gramite just to the south. The field 
relations and the general appearance of these mica schists have been described in the 
field notes already given, and adescription of asmall area in Farm lake is here added.* 


S. W. 1, N. E. 14 see. 34, T. 63-11. Geology island. I first walked over most parts of this island, and 
found its geology very complicated. It does not even appear what is the fundamental formation. I find syenyte 
diabase dikes, mica schist, hornblende schist and siliceous schist under various aspects and alternations. In the 
following description I will begin at the south end, and, following the west shore, note what appears. 

The numbers in figure 70 show the points referred to in the following description: 

1. At the southeastern extremity of the island. Mica schist, striking N. 61° E., and with a southeasterly 
dip of about 75°. It is intersected by many veins of quartzose syenyte (figure 71). 

2. The mica schist is traceable uninterruptedly to this, the most southern point of the island, at frequent 
intervals intersected by veins of compact syenyte. At 2a is a mass of syenyte not in form of a vein. 

3. Mica schist more compact, weathering into columnar forms. About six rods from 2. 

4. Here a mass of syenyte is included in the schist. 

5. Very tine, compact, heavy-bedded, biotitic syenyte gneiss. This is reached by gradation from regular 
mica schist, both in the direction of the strike and across it. It is intersected by many masses of reddish 
granulyte. In the granulyte are also included vein like forms of quartz, or rather flint. Here also are veins of 
beautiful syenyte, with large crystals of hornblende. An interesting case is shown in figure 69. 


FIG. 60. DETAILED GEOLOGY OF A POINT ON GEOLOGY ISLAND, IN FARM LAKE. 


a—Mica schist, very fine and compact. b—Fine, hard, almost vitreous diabasic matter, running with the bedding, but 
dike-like and not separated by any line from ¢. e—First comb of a syenyte vein in which the ample erystals of hornblende have 
their longer dimension transverse, d—Second comb of syenyte, in which the hornblende crystals have their longer dimension 
coincident with the walls of the vein. *«—A comb of granulyte not isolated on either side, very vitreous. /—Third comb of 
syenyte, in which the hornblende fragments are variously disposed. g—Second comb of vitreous granulyte. h—Fourth comb of 
xyenyte, in which the hornblende is disposed as inc. i—Nearly like b. k—A vein of common syenyte. [—A portion which has 
become gneissic, but very fine and flinty. #—A black substance resembling hornblende pulverized and compacted again. Rock 
132—The black substance last mentioned. 2#—The portion indicated as red and smoky quartz at this point varies in character 
from foot to foot. It becomes, perhaps, predominantly a flinty granulyte, with lumps of smoky quartz. The whole mass passes 
to the water's edge as a regular dike five and one-half inches wide, with a strike N. 68° E. anda dip S. 61°. 


5 apd 


i. For two feet beyond this dike the rock is a flinty, fine syenitic gneiss; and this is succeeded by a fine 
mica schist, in which small grains of quartz are abundantly visible, but, besides, is curiously full of rounded 


*A, WINCHELL. Fifteenth Annual Report, pp. &2-$8. 
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lumps of quartz and quartzyte about an eighth of an inch long, with transverse diameter less. It contains also 
quadrangular crystals of feldspar from one-fourth to one-half inch in length. This mass embraces plenty of 
granulyte intrusions. It extends a distance of thirty feet. It embraces a mass (dike-like) of granulyte which in 
parts contains an abundance of excessively fine scales of mica. 

Rock No. 133W. Porphyritic mica schist. 

Other irregularly intruded masses are abundant, and some of them consist of very fine feldspar and 
quartz, with very few small scales of mica. 

8. Mica schist, fine and well characterized, continuing sixteen feet, and becoming a fine hornblendic 
mica schist. Then with obscuration of separate grains of hornblendic (or augitic) material it passes into a 
diabase-like rock. 

9. Diabase-like rock -or perhaps a mere graywacke nineteen feet. It is intersected by many dikes and 
veins of fine granulyte and fine syenyte. 

10. Mica schist, very fine. Mica seems to be muscovite. Rock variable like all the others -passing to a 
graywacke aspect and then distinctly a muscovitic schist. All profoundly intersected by dikes and veins of 
greenish granulyte. Continues twenty-five feet. Stops at a dike eight inches wide. 

11. Mixed mass of hornblende schist and intrusions of granulyte and syenyte. Inextricable confusion. 
Also large inclusions of porphyritic syenyte. 
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12. Syenyte, typical, with coarse hornblende, including masses of hornblende schist, twelve feet. 
13. Mica schist, intermingled as usual. 
14. An exposure which is fundamentally hornblende schist-—in places muscovitie — but contains imbedded 


pebbles of various kinds, giving it in places the appearance of a plum pudding. These pebbles are mostly rounded, 
and among them I recognize: (a) Semivitreous granular quartzyte; (b) Granular quartzyte; (c) Fine syenyte; 


(2) Syenyte with scattered large grains of quartz; (e) Smoky quartz. 
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The exposure is intersected by a two-inch dike of beautiful dioryte, consisting of hornblende and a pale 
greenish feldspar. Also by veins of quartz. The conglomeratic character is confined to a distance of about 
twelve feet. 

I have given this little island quite a detailed and patient examination. Fundamentally it appears to be 
mica hornblende schist, but in a state of unstable equilibrium, sometimes turning to mica schist, and at others 
to hornblende schist. 

But the whole mass was formed in immediate proximity to syenytes and granulytes, and these have been 
injected into it with infinite diversity of form, direction and volume. Theschists and the other rocks are kneaded 
together, and in places the attrition of the parts produced true conglomeratic constituents. Afterward, when the 
formation became somewhat consolidated, it was rent by firm-walled fissures which were filled by the various 
dike materials —granulyte, fine syenyte and dioryte. 

This little island, not even indicated by the land surveyors, possesses remarkable interest geologically, a 
wonderful concentration of rock varieties, geological incidents and forms, and well deserves the name of Geology 
island. 
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FIG 71. VEINS OF QUARTZ AND QUARTZOSE SYENYTE IN MICA SCHIST, GEOLOGY ISLAND, FARM LAKE. 


(4). The granite. Occupying practically the triangular area between the two 
parts of the Kawishiwi river is a mass of granite which is the eastward extension of 
the same granite which makes the Giant’s range in St. Louis county. This rock is 
a hornblende granite, but towards the east the quartz becomes less prominent or 
lacking and the rock is strictly a hornblende syenyte. The syenitic facies is especially 
common in the eastern half of this plate. The granite is of later date than, and 
intrusive into, the rocks which have already been described, but it has not been seen 
in contact with the jaspilytes, and its relation to the quartz porphyry dikes in the 
greenstone is not known. Contacts of the granite and greenstone are to be seen near 
the northwest shore of White Iron lake; of the granite and the quartz-magnetite 
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schists on the east shore of this lake south of “Silver City”; and of the granite and 
mica schists in many places; see, especially, figure 63 on page 402 of this chapter. 

The granite has had a profound effect upon the rocks with which it has come in 
contact. The greenstones, especially when included as fragments in the granite, have 

been changed to coarse diorytes, and, as has already been stated, the crystalline 
condition of the mica schists is regarded as largely due to the granite. In T. 63-10 
W. a graywacke like rock, which is part of the mica schist formation, has been com- 
pletely recrystallized and now resembles a fine red granite, but this is distinct from 
the main mass of the granite and usually preserves evidences of its former lamination. 

Associated with the granite, and cut by the granite, on the east shore of White 
Iron lake, are exposures of rather coarse dark rocks which are composed of feldspar 
and hornblende, and sometimes biotite. They are thus diorytes. They may have 
been originally coarse diorytes, or it is possible that they represent parts of the 
greenstone formation included in and entirely recrystallized by the granite. Other 
dioritic rocks are found associated with the granite in T. 63-10, and these, in part at 
least, seem to be more basic facies of the granite itself. 

Quite commonly fine-grained granite (aplyte), composed almost entirely of feld- 
“spar and quartz, is seen cutting the main mass of the granite in branching dikes of 
various sizes, Frequently these aplytes are of a bright red color and are very 
noticeable. 

The Animikie. One mass of.the Animikie rocks is known from this plate. It 
is a part of the taconyte or iron-bearing member of the Animikie included in the 
gabbro, and is similar to the occurrences of such strata noted in the description of 
the Fraser Lake plate (chapter xxiii). The location of this mass of Animikie is Just 
north of Musk Rat lake, in S. E. } sec. 30, T. 62-10, and it is described as follows:* 


Going south on the range line between T. 62-10 and T. 62-11, on the south side of the river in S. E. 14 sec. 

13, T. 62 11, search was made for the iron ore reported by Mr. Lorenzo Cleaves. Nothing was found for half a 
mile except syenyte in a ridge about seventy-five feet, by aneroid, above the river. Then there is a swamp and 
a creek, and gabbro hills are reached in S. W. 14 sec. 19, T. 62-10. These hills are but a little over 100 feet above 
the Kawishiwi. The gabbro is seen in bare knobs and vertical] bluffs twenty to forty feet high. Some masses of 
gabbro thirty feet in diameter have been pushed up on top of the smoothed knolls of solid rock and left there by 
the ice. ; 
In the S. E. 14 sec. 30, T. 62-10, are several shafts, some more than twenty feet deep, in magnetite ore. The 
magnetic attraction is very strong here and the needle dips 90°. There being more than a mile and a half of 
gabbro north of this place and this iron ore itself being in hills of gabbro 100 feet high, it would naturally be 
supposed that this ore is gabbroitic magnetite and therefore titaniferous. 

But the ore is olivinitic and generally quite fine-grained, and the rock which contains it is not a massive 
crystalline rock like gabbro, but stands in beds which are nearly vertical, though the dip is not constant. These 
strata are olivinitic, and, besides being finely granular, possess a banded structure and are evidently transported 
beds of Animikie strata contained in the great gabbro overflow.- Whether they are between overflows of 
different dates or were surrounded and taken to their present position at the time of a single eruption, was not 
evident, but the latter is more probable. The gabbro itself being also largely composed of magnetite here 
renders it more difficult to distinguish between the two kinds of rock. Samples from the S. EB. 14 sec. 30, T. 
62 -10, showing banded structure supposed to be due to sedimentation are No. 407H. Specimens of the coarse 
gabbro magnetite are No. 410H. The Animikie is quite hornblendic here, as at the locality north of Birch lake, 


*H. V.WINCHELL. Seventeenth Annual Report, pp. %, V7. 
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sec. 24, T. 61-12. The gabbro, which forms massive knolls all around this place, is not so much decayed as the 
iron quartzyte, nor does it display any banding, nor any other signs of bedding, as do the enclosed strata of 
Animikie. The general strike of the latter is east and west. 

An analysis of the magnetite supposed to belong to the enclosed beds of Animikie, and therefore to be 
non-titaniferous, was made by Mr. C. F. Sidener. No titanium being found in it, the effect of the gabbro does 
not seem to have been intense enough to invest the magnetite with harmful ingredients. 


Silica (Si0,),  - - - - ‘ : : : ‘ ‘ : : 11.39 
Alumina (ALO), - : - - - - - . , $ Trace 
Magnetic oxide of iron (Fe,O,), - - - - - - - - 85.50 
Titanium (TiO,), — - - - - - - - - - . - None 
Lime (CaO), -  _— - = é : : , i : a - » 
Magnesia (MgQ), — - . - - , a ; , : - 3.44 
Phosphorus (P), - - - : : : , : ‘ : 02 
Sulphur (8), . - : é : : : : Trace 

100.62 
Metallic iron (Fe), - . . . - - . - - - - 61.95 


The Keweenawan, More than half the area included in the Gabbro Lake plate 
is underlain by the great gabbro mass of northeastern Minnesota. This is referred 
to the Cabotian or lower division of the Keweenawan. Practically all the district 
(here described) south and east of the Birch river is covered by the gabbro. A feature 
of this rock, which is well developed in this district, is its separation into parallel 
layers. In some cases these layers are due simply to a splitting of the rock along 
certain parallel planes, as is freyuently the case with igneous rocks. In other cases 
the layers or bands alternate with those of somewhat different composition or grain. 

As is usual, the gabbro varies somewhat in composition, the chief variations in 
this district being from a rock which 1s largely or entirely composed of feldspar to 
one in which olivine is an essential component. In the latter the weathering of the 
olivine often gives a reddish tinge to the rock. On a preliminary field map Dr. A. 
H. Elftman has indicated a belt of olivine gabbro in the feldspar-rich gabbro. This 
belt is about three niles wide, and it extends northeast and southwest. Its north- 
western limit is approximately a line drawn from the western end of Bald Eagle 
lake southwest to sec. 30, T. 61-10. 

(1). Diabuse dikes, A few fresh diabase dikes are seen cutting some of the 
older rocks, especially the granite. These dikes are thought to represent the latest 
rock in the region, although in the area of this plate they have not been seen cutting 
the gabbro. They are referred to Keweenawan age. Samples of these dikes are 
No. 346G from the west shore of Clearwater lake and No. 370G from the south shore 
of the Kawishiwi river just north of the centre of sec. 26, T. 63-10. 


ECONOMIC RESOURCES. 


By far the most important element of mineral wealth in this plate is the iron 
ore. The northern part of the plate contains the same formations as exist a few 
miles to the west, where the extensive hematite deposits of Ely occur. It is thus in 
the eastward extension of the Vermilion iron range. Several localities for jaspilyte 


THE GABBRO LAKE PLATE. 419 
Rock samples. } . 


have already been mentioned, and others are also known, where explorations for 
iron ore may meet with success. The most promising locality at present seems to 
be on section 30, T. 63-10, which has been so long in litigation, and is well known 
as the famous “section 30.” Here systematic exploitation of the ore is now 
(1897) being conducted. The prospects that paying iron mines may be developed in 
the Gabbro Lake plate are encouraging. Explorations for iron ore will be more 
likely to succeed in the district shown on the map as underlain by greenstone and 
jaspilyte. 
GEOLOGICAL MAP. 

The geological boundaries in T. 63-10 are regarded as practically correct, and it 
is not expected that future work will alter them materially, but in T. 63-11 the data 
at hand will not enable us to be as confident regarding the lines separating the 
different formations. No attempt has been made to separate the Lower Keewatin 
from the Upper Keewatin in the area of this plate, and it is doubtful if rocks of the 


latter age occur here. The contour lines are only approximately correct. 
ROCK SAMPLES. 


The following rock samples have been collected within the area of the Gabbro 


Lake plate: 

N.H. Winchell’s series: Nos. 356; 948-954; 979; 989 1000: 1004-1025A; 1110 1133: 1136; 1444-1447; 1709; 
2111, 2112; 2215-2226. 

A. Winchell’s series: Nos. 93-111: 120-137; 139: 150, 151; 292, 293; 980 987. 

H. V. Winchell’s series: Nos. 407-415. " 

U.S. Grant's series: Nos. 101-114; 127-131; 139-146; 209 457; 460-463. 

A. H. Elftman’s series: Nos. 8-10B; 27-29; 107-117; 120-128; 1314-140; 146 150; 153B, 154; 158. 


CHAPTER XXII. 


THE GEOLOGY OF THE SNOWBANK LAKE PLATE.* 


— 


By U.S. GRANT. 


Situation and area, The Snowbank lake is situated in the centre of the northern 
side of Lake county. On the west is the Gabbro Lake plate (plate 78), and on the 
east the Fraser Lake plate (plate 80). The Snowbank Lake plate, so called from the 
lake of that name in the centre of the plate, comprises Ts. 63-8, 63-9, 64-8, 64-9, 69-8 
and 65-9, all west of the fourth principal meridian. The last two townships are very 
incomplete, bordering on Canadian territory, and Ts. 64-8 and 64-9 also border on 
Canadian territory in the vicinity of Prairie portage. The area of the plate, inclusive 
of water surface, is about 147 square miles. 


SURFACE FEATURES. 


Topography. The area of this plate consists of two topographical divisions, a 
southern and a northern. The southern division comprises that part of the district 
which is underlain by gabbro. It is here rough and hilly, and does not exhibit the 
undiversified surface which is seen in some of the gabbro country in the plates to the 
east of this plate, but at the same time it is less rugged than the district to the north, 
which is underlain by Archean rocks. In the latter area the hills are more pro- 
nounced, and are frequently precipitous. Moose and-Newfound lakes have on either 
side hills of this character, the lake basins lying in soft schistose rocks, and the 
adjacent hills being of more enduring rock. Around Snowbank lake, and the shores 
of Bassimenan (Basswood) lake, places where granite is the underlying rock, the 


surface is not so rough. 


* The area of this plate has been examined at various times by different parties of the survey and some of the field notes 

have been published. The individuals who did the work, the dates of the work, and the places of publication are as follows: 
H. WiNcHELL, field work of 1873, .Vinth Animetl Report, pp. 87-0; fleld work of 1886, Fifteenth Annual Report, pp. 345-852, 358- 
S80: field work of 1887, Sizfeenth Annual Report, p. 0; field work of 1892, published im part, Twenty-first Annual Report. pp. 138, 
187: field work of 1S07 and 1808, Ticenty-fourth Annual Report. A. WINCHELL, field work of 1886, Fifteenth Annual Report, pp: 
QV-101, 110-142, 144, 143; field work of 1880, Stricenth Aunual Report, p. 196. H. V. WINCHRLL, field work of 1886, Fifteenth A nnual 
Report, p. sal; field work of 188s, Serentecath Annual Report, pp. 15-128. U.S. GRANT, field work of 1883, Neventeenth Annual 
Report, pp. 163, 164; field work of 1W1, Tieenticth Annual Report, pp. 55, 56, 50-400. A. H. ELerMan, field work of [88s, published 10 
part in Ticenty-seeond Annual Report, pp. 141-190. 

The writer's field work within the arca of the Snowbank Lake plate has been confined principally to the vicinity of Snow: 
bank lake and the relations of the granite there exposed to the surrounding rocks. He has also accompanied the state geologist 
on trips to Moose, Snowbank and Disappointment lakes and across the county from the Kawishiwi river to Moose lake. 

Discussions and many details concerning the Archean rocks of the area of the Snowbank Lake plate have been given in the 
chapter (XI) on Lake county, and they are not repeated here. 
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The highest point in this plate is near the line between secs. 34 and 35, T. 64-S 
W., and is Somewhat over 1,800 feet above sea level. The lowest water surface is 
Bassimenan (Basswood) lake, which has an altitude of 1,300 feet, thus making a 
difference of over 500 feet between the extremes of altitude in this plate. 

Drainage. The Snowbank Lake plate lies in the drainage basin of Hudson bay. 
All the waters of the plate pass into Basswood lake, but the waters of the Kawishiwi 
river flow westward and then northward through Fall lake, before they reach Bass- 
wood (Bassimenan) lake. The lakes of the northern half of the plate drain directly 
into Basswood lake. 

The drift. The general direction of last ice movement in the area of this plate, 
as recorded by the glacial striw, was towards the south-southwest. No terminal 
moraine has been certainly located in this area, but Mr. Warren Upham has provi- 
sionally mapped the Vermilion or Twelfth moraine as passing through the southern 
part of this plate.* 

Drift deposits, as in much of the adjoining country, are comparatively thin, and 
in places apparently entirely lacking, as in the vicinity of Wilder lake, where the 
following notes were taken.t A similar absence of drift is mentioned in the descrip- 
tion of the Fraser Lake plate (chapter xxiii). 


There is here no visible drift, or nearly none, except such as is referable to this rock, There are tine exhi- 
bitions of the process of making “boulders by disintegration,” some blutfs being in process of decay but 
strangely retaining, undecayed, rounded boulder-like masses from two to six fect in diameter, the surrounding 
rock being so rotted that it can be picked to pieces by the fingers. There is no show of drift action, nor ice 
action, the rock everywhere being superficially crumbling off in flakes and in small bits, so that in some of the 
bays the beaches consist of gabbro sand. There is not a total absence of transported drift, but only very rarely 
a boulder of granite. These also show the disintegrating action of age. The gabbro bluffs do not look clean 
and smooth-cut, but are falling down in situ, the joints being worn out so as to produce little channels in which 
water runs down to the lake. Old weathered surfaces are pitted with holes of all sizes, up to a hen's egg. On 
the tops of the hills isa thin, often gravelly, soil produced by the decay of the gabbro rock. The sand of the 
beaches in small bays where it gathers is made up of labradorite crystals, more or less rotted. The whole of 
Wilder lake has these driftless characters. They seem to show that at the last Glacial epoch this region was not 
subjeeted to moving ice. This kind of surface extends from the west side of the lake insec. 33, T. 63-8, eastward 
at least as far as the east end of Wilder lake, beyond which this trip did not extend. Throughout this area, 
although the rocks are bare much of the way along the shores, not a glacial scratch nor a glaciated surface could 
be seen, although on our return special notice was given to this feature. At the west end of the lake in sec. 33, 
T. 63-8, was seen one moutonéd surface, but it had no scratches. (Gradually in passing still further west the 
rocks assumed a more preserved condition, and occasionally a rounded surface appears, and at the entrance of 
the main river, southern part of sec. 30, T. 63-8, is a striated rock-surface, the lines running S. 8° K. Further 
still west, such surfaces are more and more common, and finally every surface, facing toward the north, is found 
to be striated,and all the rock is hard and fresh. This interesting series of change cannot be ascribed to any 
differences in the nature of the rock, because it is the uniform gabbro formation all the way, but must be 
referred to difference of glacial action. I think I saw also more frequent signs of transported drift about at the 
point where striated surfaces began to appear, though the drift in this part of the state everywhere is scant. 

The more eastward direction of the marks noted above in section 30 is also significant. There was a little 
local disturbance of my needle at the point where the striation was noted, but an allowance was made for this 
by comparison with the direction of the needle at points near at which no disturbance was noticed. The normal 
direction of ice-flow in this part of the state, as noted further west, is S. 12° to 25° W. Hence the east margin 
of the ice-flow, which, according to Chamberlin, would have an outward movement from the axis toward the 
edge of the glacier, must have been that which produced these divergent scratches, leaving the country further 
east still uncovered. 


* Twenty-second Annual Report, pl. 1. 
tN. H. WincneuL. Fifteenth Annual port, pp, 350, 351. 
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GEOLOGICAL STRUCTURE. 


The Archean. Considerably more than half the district here described is under- 
lain by rocks of Archean age, and about these centre many problems of geological 
and economic interest. Unfortunately most of the field work on this area was done 
before several important points concerning the divisibility of the Archean were fully 
appreciated. For this reason and also because of the lack of careful mapping, we 
are not able to always separate the different parts of the Archean. It can be stated, 
however, that the two divisions of the Keewatin, the Upper and the Lower, are 
present, and are separated by an unconformity and a conglomerate at the base of 
the former. It is also very probable that there are rocks older than the Lower 
Keewatin (7. e. rocks of the Basement Complex, as that term is used by the U.S. 
(teol. Survey), separated from it by an unconformity. There are granites of at least 
two dates, and there are also intrusive greenstones and quartz porphyries. In 
mapping the district it has not been possible, with the data at hand, to make a 
separation of the parts of the Archean strictly on an age basis, but the following 
divisions, mainly hthological, are shown on the geological map (plate 79): (1) Mica 
schists; (2) Greenstones, sometimes with jaspilyte; (8) Keewatin in general, including 
conglomerates, sericitic schists, argillytes, graywackes, greenstones, mica schist and 
a little jaspilyte; (4) Quartz porphyry and associated quartzless porphyry; (5) Granite. 

(1). Mica schists. The only belt shown on the map isa narrow one just south 
of the Basswood granite. Not much is known of these rocks in this area, but they 
occur in characteristic development just to the west along the southern part of 
Basswood lake. Here they are well marked mica schists, with some hornblende 
schists, and they are intruded by the Basswood granite. In this category of mica 
schists are not included those parts of the mica schist around Snowbank and Dis- 
appointment lakes, which are clearly metamorphosed conditions of Keewatin clastics. 

(2). Greenstone aad jaspilyte. In the northwestern part of T. 63-9 is a con- 
siderable area of greenstone which is continuous with the greenstone mapped and 
described in the chapter (xxi) devoted to the plate to the west of this (Gabbro Lake 
plate). This greenstone is seen in characteristic development at Northwestern lake, 
and to the east along the south line of sec. 7 and of sec. 8, T. 63-9. The high hill, 
near the southeast corner of section 8, is composed of this rock. These greenstones 
are sometimes schistose, but are frequently quite massive, and retain many of their 
original characters which show that they were in large part originally basic igneous 
rocks like diabases, diorytes or gabbros. 

Associated with these greenstunes are masses of jaspilyte, with which may also 
be deposits of iron ore. From the field notes of others, and from what he has seen 
himself, the writer feels justified in stating that the greenstones associated with the 
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jaspilytes are, in large part, igneous rocks of later date than the jaspilytes. Masses 
of jaspilyte, intimately connected with greenstone, are known from several localities, 
among which are the following: hills in the south half of sec. 32, T. 64-9; east line 
of sec. 5, T. 63-9, at the south shore of the small lake at the northeast corner of this 
section; north line of sec. 4, T. 63-9, between the two lakes near the northwest 
corner of this section. At the last locality are many irregular masses of jaspilyte in 
the greenstone, and the latter is cut by dikes of a fine-grained, reddish rock. The 
jaspilyte in the area of the Snowbank Lake plate, except, perhaps, that on the portage 
between Wood and Moose lakes (sec. 21, T. 64-9), is the same as that occurring else- 
where on the Vermilion iron range, and is in a belt directly continuous with the belt 
of jaspilyte at Ely. | 

Associated with these greenstones, in places, are areas of what has been called 
greenstone conglomerate. These contain fragments, more or less rounded, of green- 
stone in a green, usually schistose, matrix. From the descriptions it 1s often impos- 
sible to tell whether these beds represent tuff deposits of greenstone, or whether they 
are true conglomerates formed directly from the greenstones. A good example of 
one of the latter class isseen on the west line of sec. 9, T. 63-9, about one-fourth mile 
north of the southwest corner of this section. 

To the northwest of Moose lake, lying southeast of the belt of mica schists and 
extending westward beyond the limits of the Snowbank Lake plate, is another area 
of greenstones. These, in the main, are rather fine grained, hard and siliceous, and 
frequently schistose. It is to this area of greenstones, and to the mica schists here 
mentioned, that reference was had when it was stated that pre-Keewatin or Basement 
Complex rocks very probably existed in the area of the Snowbank Lake plate. 

(3). Keewatin ingeneral, Here are included practically all of the Archean rocks 
except the greenstones and jaspilytes, part of the mica schists and the acid igneous 
rocks. In lithology, the Keewatin here embraces conglomerates, sericitic schists, 
argillytes, graywackes, mica schists, chloritic schists, greenstones and some greenstone 
schists. Whether all these rocks belong to the Upper Keewatin is uncertain, 
but some of them certainly do, as, for instance, some of the conglomerates, and 
it is probable that the main mass of clastics comprised in the belt which lies between 
Snowbank lake and Sucker lake also belong to the Upper Keewatin, but on this 
point no positive statement can be made. 

The conglomerate belts cannot be outlined in detail, but one or more belts exist 
between Snowbank and Newfound lakes. Another occurrence is east: of Disappoint- 
ment lake, where the following field notes were taken:* 


In the N. W. 14 sec. 34, and S. W. 14 sec. 27, T. 64-8, there is a most wonderful exbibition of conglomerate 
and diabase. Going east from the point in the N. E. 14 sec. 33, the conglomeratic mica schist becomes coarser 
and more full of boulders. These consist of various kinds of light-colored crystalline and dark hornblendic 


*H. V. WINCHELL. Seventeenth Annual Report, pp. 117, 118. 
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rocks: and are, many of them, a foot long. The mica schist gradually becomes harder and less siliceous until it 
is diabasic. East of the lake there are high ridges rising 75 to 150 feet above the water. These become more 
and more diabasic until they culminate in a high ridge of nearly massive diabase about a quarter of a mile from 
the lake. There is a coarse schistosity seen in this ridge in places. The strike of the rocks as shown by the 
schistosity, the direction of the longer axes of the boulders, and the foliation of the mica schist are all about 
northicest. These ridges offer one of the tinest exposures of conglomerate and agglomerate seen in this entire 
region. The rock in places is just as full of boulders as it can be. These become smaller and more compressed 
toward the east, and disappear altogether in the vicinity of the diabase ridge. Some of the diabasic schist is 
porphyritic. Samples of the conglomerate are No. 497H. Diabasic schist is No. 498H. Diabase is No. 499H. 
Cimeissic schist from the edge of the lake showing foliation, which was northwest, is No. 500H. Biotite schist 
from a well-detined dike about a foot wide, which cuts the diabasic agglomerate, running about east and west, 
is No. 501H. 

It is quite remarkable that there is here a gradual transition from mica schist to diabase. There is no 
place where there is an abrupt change. The mica schist is conglomeratic and the diabase is agglomeratic. They 
are both schistose and have the same trend and seem to be vertical, as far as bedding is indicated by foliation 
and schistosity. 


This transition from greenstone (diabase) to the conglomerate might be 
explained by the deposition of the conglomerate immediately above and almost 
contemporaneous with a greenstone agglomerate. Or, it might be explained by 
regarding the conglomerate and agglomerate as one, the lower part (agglomerate) 
being fragmental material derived directly from the underlying greenstone. The 
latter explanation seems the most likely, as it accords well with the fact that in 
several other places in northeastern Minnesota, the lowest part of the Upper 
Keewatin is composed so completely of debris derived from the immediately under- 
lying rock that it is difficult to separate the two unconformable formations. At the 
locality just described the conglomerate also contains jasper pebbles, and we here 
most probably have the conglomerate at the base of the Upper Keewatin resting 
unconformably on the older greenstone. 

Further notes concerning the Keewatin rocks are given below.* 


Observations on the rock outcrops on the shores of Snowbank lake are found in the fifteenth, seventeenth 
and twentieth annual reports of the survey. The writer's attention was directed to the hitherto unexplored 
region, extending from the north shore of the lake to Moose, Newfound and Ensign lakes. Between Moose and 
Snowhbank lakes tive cross sections were made. On the south shore of the former lake the rocks are sericitic and 
argillitic schists. The range of hills extending parallel with the lake shore is composed of vertical beds of schists, 
argillyte and conglomerate. South of these hills, at points from one-fourth to three-fourths of a mile distant 
from the lake shore and then extending southward through a swamp and valley, are extensive outcrops of 
quartzless porphyry. This rock extends nearly to Snowbank lake, on the west shore of which is also a ridge of 
schists and conglomerates. — 


FIG. 72. CROSS-SECTION FROM MOOSE LAKE TO SNOWBANK LAKE, NORTHWEST TO SOUTHEAST. 
Distance, two miles: altitudes expressed in feet above the sea-Jevel. 


The above section (figure 72) from the N. EB. 14 N. W. 14 sec. 35, T. 64-9, on Snowbank lake north- 
west to the S. W. 14 S. W. 14 sec. 22, on Moose lake, fairly represents the rocks north of Snowbank lake. The 
direction is nearly northwest and southeast, directly across the strike of the vertical formations. Beginning a 
Moose Jake the numbers, corresponding to those on the diagram, denote the different kinds of rocks occurring 
ajong this section. 


* A, H. ELPTMAN. Ticenty-second Annual Report, pp. 131-155. 
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1. Sericitic schist. At the lake shore this schist is dark in color, fine grained and has a greasy appear- 
ance. One hundred and fifty paces from the shore, at the base of a perpendicular cliff 100 feet high, is a light- 
colored sericitic schist (No. 165E) with small angular and round feldspars. 

2. At the top of the cliff this rock grades into a schist (No. 164K), in which the feldspar nodules have 
developed to well-defined knots, one-fourth of an inch in diameter. The schists stand nearly vertical, dipping 
at different places slightly to the north or south. The strike is about northeast and southwest, although in 
some places along Moose lake it varies from east and west to nearly north and south. Two hundred paces from 
the top of the cliff the rock has changed toa dark argillitic, sericitic schist (No. 166E), in which the knotted 
structure has been developed to a greater extent. “ From the same outcrop specimen No. 167E shows feldspars 
two inches long. The weathered surface here looks somewhat similar to that of the tinely concretionary green- 
stone of Ely. 

3. Two hundred and fifty paces farther, and on the south side of a small swamp, is an extensive outcrop 
of argillyte (No. 277E). This rock breaks up into small chips and tablets an inch thick. 

4. Two hundred paces from the last outcrop, in a dense balsam ticket, is a knob of conglomerate tifty 
feet in diameter. In the conylomerate are numerous rounded and angular pebbles of jasper, varying in size 
from very tine grains to those three inches in diameter. Many of these pebbles show beautiful banding. 
Besides this jasper are gneiss, granite and slate pebbles not exceeding four inches in diameter. The matrix of 
the conglomerate is fine-grained and green in appearance (No. 276E). In another outcrop of this conglomerate 
fifty paces northeast of here granite boulders a foot in diameter are common. The conglomerate forms the 
highest part of the ridge south of Moose lake. 

o. In the next one hundred paces there is a descent of seventy-five feet into a swamp about a mile wide. 
Near the northern edge of the swamp is an outcrop of quartzless porphyry, which cuts the conglomerate and 
forms mica schist as a contact rock. In crossing the swamp there are occasional outcrops of porphyry. 

6. In the N. W. 14 8S. W. 1, sec. 26, T. 64-9, about two hundred paces west of Snowbank lake, the 
porphyry cuts a bed of conglomerate. This differs from No. 4 in that no Jasper pebbles were found. 

7. In the conglomerate are beds of epidote schist, and the whole grades into argillyte. No distinct 
boundary between this bed and the preceding one can be marked out. 

8. About four hundred paces southeast of No. 6 and on the broad point in section 26 the argillyte grades 
into a hornblende mica schist which is considerably contorted and cut by a hornblende granite. 

9. The granite continues to the shore of Snowbank lake in the N. W. 14 sec. 35, T. 64-9. 

Of this series of rocks the porphyry is the most important. Quartz porphyry dikes are of common occur- 
rence in the Keewatin rocks of Minnesota, but in no place does it occur in such a large mass as it does west of 
Snowbank lake. Here it extends in a northeast and southwest direction from the centre of sec. 23, T. 64-9, 
through sections 27, 33 and 34, then westward to the west range line of T. 64-9, a length of five and one-half miles. 
It varies in width from three-fourths to one and one-half miles. The rock is exceedingly hard, but owing to the 
basaltic structure it readily breaks into angular blocks. The area in which this porphyry occurs is covered with 
these blocks. The readiness with which the porphyry breaks into angular blocks probably explains why it is 
found in a valley between ridges of mainly sedimentary rocks. Although these latter rocks are more easily 
abraded by the ice and at present decompose more rapidly, the porphyry, being easily broken off in large blocks, 
would be removed in much larger amounts, leaving a depression between the clastics. When freshly broken the 
porphyry has a purple to grayish color. On a weathered surface the rock is white and occasionally is stained 
yellow or red by ferric oxide. Porphyritic crystals of feldspar are numerous; those of quartz are rare and iu 
the larger number of specimens are entirely absent. Under the microscope feldspar phenocrysts of all sizes, 
up to one-fourth of an inch in length, are embedded in a microcrystalline groundmass of quartz and feldspar. 
The feldspars are orthoclase and oligoclase and show a more or less altered condition. In No. 60E the feldspar 
has been replaced by quartz. Quartz phenocrysts occur only in small quantities and sometimes are pseudomorphs 
after the feldspar. Chlorite and epidvote occur in small flakes throughout the rock. Biotite and apatite are 
rarely present. Specifuen No. 49aF represents the quartzose phase of the porphyry. In thin section, besides 
the usual constituents, there are numerous quartz phenocrysts. These, with but one or two exceptions, occur as 

round grains with corroded edyes, and have a wavy extinction. The feldspars are exceptionally well developed. 
' Epidote is present in small plates and chlorite is scattered throughout the section. 

Whenever the relations of the porphyry and the other rocks of this region could be determined it was 
found that the porphyry cuts the Keewatin rocks, sending dikes far across the strike of this formation. A great 
deal of the disturbance of the Keewatin rocks in this locality is due to the intrusion of the porphyry, and not, as 
it is generally supposed, to the granite of Snowbank lake, which is the youngest formation in the region. Dikes 
of granite (No. 56E) cut the green schist (No. 58E) and the porphyry (No. 55E) in the S. E. 14 N. W. 34 sec. 26, 
T. 64-9. This is the only place known where the relations between the granite and the porphyry could be deter- 
mined with certainty. The general strike of Keewatin sedimentaries is parallel to the periphery of the porphyry 
mass. On the west shore of Snowbank lake this strike is somewhat modified by the granite intrusion. 

In going from the bay in Snowhank lake in the N. W. 14 S. E. 14 sec. 24, T. 64-9, N. 20° W., to Newfound 
lake, the following outcrops of rocks were seen in the order given: 

1. Mica schist and conglomerate in inseparable beds, the former becoming less schistose and micaceous 
as the distance from the granite area increases. 2. Argillyte. 3. Mica schist. 4. Coarse diabase. 5. Agglom- 
eratic greenstone. 6. Conglomerate. 7. Argillyte. 8. Diabase similar to No.4. 9. Conglomerate and argillyte. 
10. Sericitic schist at three-fourths of a mile from Snowbank lake. This schist continues to Newfound lake. 
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The strike of the rocks mentioned above is nearly east and west, and toward the east this remains the same. 
One-half a mile west of the line of the cross section the strike of the rock is somewhat changed to a southwest 
and northeast direction. Farther west, near the north end of Moose lake, the strike, as previously mentioned, 
is nearly north and south. 

In the region north of the central part of Snowbank lake, no outcrops of the porphyry, which is so abundant 
west of here, were found. On the west shore of Boot lake, in the S. W. 14 N. W. 14 sec. 21, T. 64-8, are several 
large dikes of this rock cutting the graywacke and schist in this vicinity. 

In the S. W. 14 N. E. 14 sec. 21, T. 64 8, on the east side of the long point, in the midst of a bed of conglom- 
erate, is a boss of granite partially uncovered. Dikes run out from this mass in all directions, cutting the 
conglomerate and distorting the strata in a very complicated manner. In the conglomerate are boulders up to 
four feet in diameter of gneiss, slate, diabase and granite. This last can scarcely be distinguished from the 
granite which cuts the conglomerate of the region. In several instances a granite dike traced several hundred 
feet, was found to cut some of the large boulders in the conglomerate. The contact between the dike and the 
granite boulders could not be determined easily. Parts of the boulders adhered to each side of the dike. 


The conglomerate just mentioned (S. W. 4 N. E. 4 sec. 21, T. 64-8) is regarded 
as part of the base of the Upper Keewatin. 

Conglomerates occur elsewhere in several places, as along the portage from 
Moose to Flask lake, along the east side of sec. 32, T. 64-9, and on the large penin- 
sula on the northwest side of Disappointment lake. Details concerning some of 
these localities and others also may be found in the chapter on Lake county, and 
these details need not be repeated here. Perhaps one of the most interesting local- 
ities for a conglomerate is on the portage between Moose and Wood lakes, near the 
line between secs. 20 and 21, T. 64-9 W. Here is a conglomerate which contains 
interbedded strata of jaspilyte. It has already been described, page 279. 

In a number of places the Keewatin sediments have been converted into mica 
schists, and this 1s especially true around Snowbank lake where mica schists are 
well exposed, as along the northwestern shore of the lake in secs. 24 and 26, T. 64-9. 
Mica schists are also found between Snowbank and Disappointment lakes and about 
Round lake. These schists are found in direct contact with and near to the granite 
masses, and they are referred in the main to contact metamorphism, induced by the 
granite, although dynamic metamorphism may also have aided in their development. 
Dikes from the granite frequently penetrate the mica schists. Some details of the 
geology about Snowbank lake, where the graiite and mica schists occur, are 


given below.* 


On the west shore in the N. 15 N. E. 14 see. 11, T. 63-9, a fine-grained syenyte (No. 482G) is seen; this is 
quite similar in appearance to Nos. 480G and 481G. Farther north syenyte is again seen on the shore; here it 
is coarser grained and not at all like No. 482G. This coarser-grained syenyte extends along the west shore into 
the northwest corner of the bay in the S. 15 S. FE. 14 sec. 2, T. 63-9. Here it is represented by Nos. 483 and 484; 
the former is a dark-red syenyte of medium grain, and the latter is of lighter color, contains less hornblende, 
and is the facies of the rock that 1s most common at this locality. Just off the point, which is in the N. W. 4 
S. E. 34 sec. 2, T. 63-9, is a small island made of a coarser facies of the same syenyte (No. 485G). This is cut by 
veins, of all sizes up to three feet across, of a dull reddish, rather coarse-grained syenyte (No. 486G) made up 
almost entirely of feldspar; the other constituent is in small amount and seems to be epidote. The point crossed 
by the line between secs. 35 and 36, T. 64-9, is composed of dark dioryte of medium grain (No. 487G); this 
appears in the form of a dike, 100 feet or more in width. It runs about north and south. The syenyte was seen 
just east of this point and also along the shore west of it; here the syenyte is quite coarse-grained and contains 
much hiotite (No. 488G). The point on the south shore, in the S. E.14 N. W. 14 sec. 35, T. 64-9, shows syenyte 
of a rather fine grain (No. 489G). 


*Twentielh Annual Report, pp. 60-07. 
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The bay which runs south along the line between secs. 34 and 35, T. 64-9, shows no outcrops along its 
shores. Andon going west a short distance, near the township line, no rock was seen in sifu. On the west 
shore, in the N. BE. 14 N. BE. 44 sec. 34, T. 64 9, a short distance north of the portage which runs to Flask lake, is 
a large bluff of fine-grained diabase. Farther north on the west shore of the narrow bay in the S. E. 14 S. E. 14 
sec. 27, T. 64-9, the fine-grained, greenish diabase, here represented by No. 189aG, is cut by an irregular dike of 
reddish porphyry (No. 490G). This dike is from two to five feet wide and was traced for at least thirty feet. 
Another small mass of this same rock was seen near by, but it was exposed only in one place. This porphyry 
(No. 490G) has a reddish to purplish aphanitic groundmass, in which are porphyritic crystals of red feldspar 
and small areas of chlorite. Under the microscope the groundmass is seen to be microgranitic in structure, 
and apparently composed of quartz and feldspar. The feldspar phenocrysts are more or less altered, and the 
majority of them show polysynthetic twinning. Irregular areas of chlorite occur in the groundmass, but nothing 
is left to show what was the mineral that originally occupied these areas. A few small apatite prisms are 
present, and scattered through the whole rock are minute green flakes of chlorite. The rock is probably a 
syenyte porphyry. 

No rock, except that above described, is seen on the shores of this narrow bay north of the south line of 
sec. 27, T. 64-9. But where this line crosses the east shore of the bay there is a low ridge which shows angular 
fragments of fine-grained greenish diabase, similar to No. 489aG. No rock is seen in place along the southwest 
shore of the promontory, on which are the corners of secs. 26, 27, 34 and 35, T. 64-9, but many angular fragments 
of the fine-grained diabase occur at the water’s edge. On the sharp point, at the southern end of this promon- 
tory, angular fragments of the diabase and of porphyry, similar to No. 490G, are seen. Along the shore just east of 
this point are angular fragments of granite, and a little further north this granite occurs in situ. Several 
outcrops of the same are seen along the shore before coming tothe line between secs. 26 and 35, T. 64-9. At this 
place No. 491G was collected; this well represents the granite from the east shore of this promontory. It isa 
granite of medium grain, reddish color and compact texture; the feldspar varies from reddish to white, and the 
hornblende is in small grains and does not make up more than one-fifth of the whole rock. Quartz is present in 
small amount. Under the microscope this rock (No. 491G) is seen to be a distinct hornblende granite. Quartz 
is present in larger quantity than is noticed in the hand specimen. The feldspar is more or less cloudy and many 
of the grains show a microcline structure and have a wavy extinction, as have also some of the quartz grains. 
The hornblende is quite fresh and of the ordinary green variety. A few scales of brown biotite are present, and 
also some green chlorite, which appears as an alteration product from the biotite. Bright brownish sphene is 
seen in considerable amount. Ilmenite, or magnetite, and apatite prisms are also present. This is the first true 
granite seen on this lake, but there is no reason to suppose that it ig distinct from the syenyte found elsewhere 
on the lake; in fact, everything seems to indicate that it is but an acid facies of the syenyte. About 150 fect 
south of the above mentioned section line is a low outcrop of mica schist, much twisted and bent. This schist is 
represented by No. 492G, which is a fine-grained compact mica schist, and by No. 493G, which is coarser and 
more properly gneiss. <A few feet northof this the same schist is seen again; here it is cut by many granite dikes, 
which vary from six inches to three feet in width. This granite is part of the same as that mentioned above 
(No. 491G). The dikes in genera) run along between the cleavage planes of the schist, but some were seen 
cutting across these planes. The schist here is sometimes much changed near the contact with the granite, as is 
shown by Nos. 494G and 495G, which are distinctly gneisses; the latter is decidedly reddish in color. There is no 
gradation from the schist or the gneissic parts of it into the granite; the contact between the two rocks is sharp 
and distinct, as is seen in No. 496G. This specimen shows the two rocks, granite and schist, in contact; it was 
taken from the edge of a dike one foot in width. The schist at this place is so twisted that no genera) strike can 
be made out. In places the granite includes pieces of the schist. A few yards north of this section line and 
back about a 100 feet from the shore is quite a large exposure of the schists. These are bent some, but there is 
a decidedly general trend to the strike; it is N. 35° E., and the dip is almost vertical. Just beyond (north) this 
exposure of schist, and in the strike of part of it, is another outcrop of the granite similar to No. 491G. On one 
of these outcrops there is a small amount, one by three feet in area and one foot thick, of purple porphyry; the 
contact with the granite was sharp and a distinct line, and there was nothing to show whether this rock was part 
of a dike or an inclusion in the granite. This porphyry is represented by No. 497G; it has a fresh unaltered 
appearance, and seenrs exactly similar to that already described under No. 490G, except that the latter is not very 
fresh. A short distance north of the section line (between sections 26 and 35) and about an eighth of a mile from 
the shore is a small island composed entirely of granite (No. 498G). This island is directly in the strike of the 
last mentioned outcrop of schist. The granite of the island (No. 498G) is of rather fine grain, and holds aconsid- 
erable amount of quartz, but is the same granite as that described above (No. 491G). On the northeastern end 
of this island the granite is jointed in a very noticeable manner; the joints split the rock into parallel beds that 
stand vertical and strike N. 70° E. 

On the south shore of the little bay, in the S. BE. 144 8. W. 14 sec. 26, T. 64-9, the schist is seen in many 
places, and the granite is seen in contact with it at a few points. The schist here is well represented by the 
specimens collected near the south line of this section; and where the schist is in contact with the granite it 
takes on the same characters as seen in Nos. 494G and 495G. In one place a small tongue of the granite was 
seen running across the strike of the schists, as shown in figure 73. Along the shore of this bay the schist is 
twisted so much that no general direction of Strike is noticeable. 

On the south side of this bay, near its western end and down at the water's edge, the schist is cut by a 
small dike. This dike is four feet wide, but was not exposed for over seven feet. The walls are parallel, stand 


498 THE GEOLOGY OF MINNESOTA. 


(Keewatin in general. 


vertical and strike N. 50° E. The line between the dike and the schist is very sharp. The dike rock is a purple 
porphyritic rock similar to that already deseribed under Nos. 490G and 497G; it differs from these, however, in 
having distinct glistening biotite scales scattered through the groundmass. The rock may be provisionally called a 
syenyte porphyry. No. 500G is this rock from the centre of the dike, and No. 501G is the same from one edge of 
the dike. The schist at this place has a dip of 60° towards the east, and a strike almost due north and south. 
The schist from near the dike is represented by No. 499G; this is a rather fine-grained gray biotitic gneiss. In 
section this gneiss (No. 499G) is seen to be a holocrystalline aggregate of interlocking grains of quartz, feldspar, 
biotite and hornblende. Many of the grains are elongated somewhat in one direction —this is especially true of 
the biotite —and there seems to be a tendency for grains of the same size and of the same minerals to be collected 
somewhat in irregular parallel lines. This causes a decidedly schistose structure to pervade the roek. None of 
the mineral grains show any evidence of a clastic origin. The quartz is clear and limpid and is in larger grains 
than the other minerals; it makes up about half of the rock. The feldspar, while cloudy in small areas,is usually 
clear: most of it is orthoclase, hut some good sized plagioclases are present. The biotite is brown and fresh. It, 
more than any of the other minerals, is chiefly confined to certain irregular lines. The biotite is in small scales, 
most all of which are arranged with their long axes in the direction of the schistosity of the rock. Hornblende 
of the ordinary green variety is present in a few irregular areas. It appears very fresh. All the mineralsof the 
rock present a decidedly fresh and unaltered appearance. 


v 
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FIG. 7. = CONTACT OF GRANITE AND MICA SCHIST. 
S. E. 1, 8. W. '4 sec. 26. T. 64-9, west shore of Snowbank lake. 


The granite occurs at the west end of the little bay, in the S. E. 14 S. W. 14 sec. 26, T. 64-9, and also along 
the shore for a short distance north of this place. The point in the N. E. 44 S. W. 44 of the same section consists 
of a high ridge of green schists. These schists are hard and of a general green color. They seem to consist of 
mica, chlorite and siliceous matter very closely intermingled. The rock has a.fine lamination, due to rapid 
alterations in the arrangement of the constituents, thus producing lamin of different hardness and composition: . 
this lamination is very clearly shown on weathered surfaces; it is parallel to the schistose structure of the rock. 
In places the schist is conglomeratic, containing pebbles of all sizes up to a foot in length, elongated in the direc- 
tion of the strike. The strike is N. 20° E. and the dip is 75° to 80° towards the east. At the east edge of this 
ridge the schists are in contact with the granite. The contact line is sharp and runs parallel with the strike of 
the schists, but the granite sends off many small dikes into the schists across the strike. No. 502G represents 
these green schists. No. 502aG is part of one of the pebbles; it is a gray gneiss. No. 503G is the granite from 
one of the dikes four inches wide; this is a fine-grained, reddish hornblende granite. 

The green schists extend from the point part way along the southeastern shore of the bay, in the N. W. 
1, S. W. 14 sec. 26, T. 64-9, but on this side of the bay, near its end, is a dark, compact, aphanitic rock holding 
white feldspar phenocrysts. This is probably a porphyryte (No. 504G). It is massive at the shore, but on going 
back a few rods from the shore it becomes schistose, as is shown by No. 505G. This porphyryte was traced east- 
ward until it came within fifty feet of the green schists, but soil covered the contact. The porphyryte and the 
green schist at this place each had their distinct characters. The schistose structure of the porphyryte is 
parallel with that of the green schist. In one place the porphyryte is cut by a dike of a fine-grained syenyte 
(No. 506G). This dike is four feet wide, stands vertical and runs east and west. . 

On the west side of this bay the green schists appear again and seem to get more massive on going north- 
ward, but the shore here was not carefully examined. In the S. W. 14 N. E. 14 sec. 26 massive greenstone, into 
which the green schist seems to grade, is cut by a dike of syenyte porphyry, similar to No. 500G. On the shore 
just north and east of this the greenstone and syenyte are seen together. The greenstone here is quite massive 
in appearance and the contact with the syenyte was seen in only one place. Here it was a decidedly sharp line 
and two small pieces of the greenstone were seen in the syenyte. At this place the syenyte also cuts a gray 
dioryte blotched with hornblende (No. 507G). The relation of this dioryte to the greenstone could not be deter- 
mined. The syenyte is itself cut by a fine-grained greenstone (No. 508G), in a dike which varies from eight inches 
to two feet in width. This was traced for thirty feet. It may be that this is nota true dike, but a part of the 
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greenstone surrounded by syenyte, as it is decidedly similar to the greenstone and cannot be distinguished from 
it in hand specimen. The syenyte is here represented by No. 509G, which is a reddish rock of rather medium 
grain. The greenstone is shown by No. 510G. 

Just north of this, mica schist is seen cut in every direction by dikes of the syenyte, which vary in width 
from two inches to thirty feet. The mica schist is shown by No. 511G. Farther north there is a large mass of 
the schist exposed; here it varies from a mica schist like No. 511G, to a green schist (No. 512G), which is very 
similar to the green schists described above. The strike here is N. 20° E., and the dip is about vertical. These 
schists extend along the shore up to and beyond the line between secs. 23 and 26, T. 64-9. Sometimes they are 
cut by dikes of hornblende granite, represented by No. 513G. Near this section line the schists become very 
hard and compact. No. 514G, from this place, is a very siliceous, fine-grained graywacke. Here the strike is N. 
25° EB., and the dip is about vertical. On a ragged bluff just north of this section line the schists are much 
crumpled and twisted, and they become hard and very siliceous. No. 515G fairly represents the schists at 
this place. The schists continue along the lake shore in secs. 23 and 24, T. 64 9. In places they are massive in 
appearance, but usually a lamination can be seen on their weathered surfaces; this, however, is much twisted in 
every direction, but there is a general northeasterly strike and a vertical dip. The schists in these two sections 
are well represented by Nos. 515G, 516G and 517G. 

Where the line between ranges 8 and 9 crosses the north shore, granite occurs. It is represented by No. 
518G, which is very similar to the granite and syenyte found elsewhere on the lake. The granite here cuts the 
schists in dikes running in every direction. Some of these dikes are apparently a hundred feet wide, while others 
are not more than a foot. The contact between the two rocks is a very sharp line, as is shown by specimen No. 
519G, which was broken from the edge of a dike eight feet wide. The schists at this place are represented by 
No. 520G, taken within two feet of the granite: it is a fine, hard, siliceous mica schist. Here there is seen a 
small amount of a rather fine-grained dark augite granite (No. 521G); this is distinct from the granite and is cut 
by it. The relation of this rock to the schists could not be determined. Just east of the range line the schists 
are seen in large’ amount. Here the strike is N. 70° E., and the dip southward from 70° to 80°. The schists, 
sometimes cut by the granite, extend along the shore to the bay in the S. W. 14 N. E. 14 sec. 19, T. 64-8. On the 
west side of this bay the schists are graywacke schists. The strike is almost east and west and the dip varies 
from 65° to 80° towards the south. These schists are also seen at the north end and on the east side of this bay. 

There is a small island in the N. B.14S. W. 14 sec. 19, T. 64-8, on the eastern end of which is a large 
exposure of gray to reddish augite granite of medium grain (No. 522G). Mr. Wood went over most of this island 
and found it to be made of the same rock. 

Syenyte from the shore, in the N. W. 14S. W. 14 sec. 29, T. 64-8, is of medium grain and light gray color. 
Small areas of the feldspar have a peculiar yellow stain (No. 523). 

Several outcrops on the east shore of the large island, which lies in secs. 30 and 31, T. 64-8, and secs. 25 and 
36, T. 64-9, were examined. They are al] composed of rather coarse augite granite which holds large quantities 
of biotite (No. 524G). Coarse granite, similar to this, occurs on the east shore on the line between sec. 36, T. 64-8, 
and sec. 1, T. 63-9. 

At the southwest end of the island that is crossed by the line between secs. 30 and 31, T. 64-8, there is an 
outcrop of fine-grained biotite gneiss (No. 520G). 


Aside from the metamorphism suffered by the Keewatin clastics near the granite, 
they have also been altered and recrystallized by the gabbro. On the south side of 
Disappointment lake, and at Ima lake, the effect of the gabbro on the underlying 
Keewatin has been very marked. In fact, the latter lake, except for the southern 
side, which touches the gabbro, lies in a mass of these altered rocks. The Keewatin 
in such position has been partly or wholly recrystallized into a fine-grained, usually 
yellowish and granular rock, which varies in mineral composition as the origina] 
rock varied. To these rocks the name “muscovadyte” has been applied, but they 
are not to be confounded with some fine-grained gabbros and norytes which lie 
near the northern edge of the gabbro and to which the same name has been applied.* 

(4) Quartz porphyry. In this district, especially west and southwest of Snow- 
bank lake, in T. 63-9, are considerable areas of porphyritic rocks. These vary con- 
siderably, but in general are light-colored, gray to reddish, fine-grained rocks with 
porphyritic crystals of feldspar and also frequently of quartz. Some of the charac- 


ed 


* See remarks upon these rocks in the chapter on the Fraser Lake and Akeley Lake plates, and in that on Lake county, p. 302. 
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ters of this porphyry have already been given (see pages 425-428 of this chapter). As 
a whole, the porphyry seems not to have been subjected to great dynamic forces, and 
is still massive, breaking down in sharply angular blocks. The age of the porphyry 
is not known, in fact there may be porphyry of more than one date, but 1t is thought 
to be in general later than the Lower Keewatin greenstones, and earlier than the 
Upper Keewatin conglomerates, for it is found cutting the former and included as 
pebbles in the latter. The porphyry is probably of the same date as the porphyry 
dikes mentioned in the chapter devoted to the Gabbro Lake plate. Details concern- 
ing the occurrence of the porphyry in this Snowbank lake area can be found in the 
chapter on Lake county. 

(o). Granite. The granite may be described under three areas, that of the 


Kawishiwi river, that of Snowbank and Disappointment lakes, and that of Bass- 
wood lake. 


The granite on the Kawishiwi river is a small mass in sec. 19, T. 63-9. This is 
an eastward continuation of the (iant’s Range granite. The gabbro soon passes 
over this area of granite onto the Keewatin rocks, thus completely shutting off the 
surface exposure of the granite, which rock is perhaps continuous, beneath the 
gabbro, with the granite at Snowbank lake. | 

At Snowbank and Disappointment lakes, especially at the former, much granite 
isseen. This lake hes in an area of this rock, which appears on the islands and at 
many places on the shores. There is evidence that there are here two masses of 
granite of different date, but the separation cannot be made with certainty, although 
it seems that one granite, a red or hornblende granite, is later than and cuts the 
other, a gray or augite granite.* That part of the granite at Snowbank lake 1s 
intrusive into the Keewatin clasties 1s evident, and on the shores of this lake in secs. 
24 and 26, T. 64-9, this relation of the granite and the Keewatin mica schists can be 
seen in many places.t On the northwest shores of Disappointment lake is a con- 
glomerate, which holds red granite pebbles very similar to dikes of granite, cutting 
this conglomerate. This necessitates the presence of a granite in this vicinity 
earlier than the conglomerate, as well as one later than the conglomerate. Whether 
this earlier granite is exposed near by is not known. Dikes of granite cutting a con- 
glomerate with granite pebbles at Snowbank lake have already been mentioned} 

At the northwest corner of the Snowbank Lake plate is a small part of the 
Basswood granite. This rock is of later date than the mica schists just to the south 
of it,§$ and is also probably later than the ancient greenstones just south of these mica 
schists. 


*AH. ELFTMAN. Twenty-second Annual Report, p. 137, 
+See pp. 425-428. - 

f P. 426. 

§P. 422. 
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(6). Structure of the Archean, The Archean rocks, as already stated, are divis- 
ible into two, and quite likely into three, unconformable series. Sufficient detailed 
work has not been carried on to allow us to discuss fully the structure of these 
different parts of the Archean, but it is quite evident (1) That after the deposition 
of the Lower Keewatin, these rocks were more or less complexly folded, and (2) 
That after the Upper Keewatin, the whole Archean area was again subjected to 
mountain making forces, which folded and crushed the rocks, at times metamor- 
phosing them, and at times inducing a schistose structure or a slaty cleavage. The 
result was a complicated and closely compressed mass of strata whose complexity 
has been further increased by intrusions of igneous rock. The strike of the rocks 
varies considerably, but in general is towards the northeast or east-northeast. The 
folds into which the rocks, especially those of the Upper Keewatin, have been 
thrown are numerous, and, as now visible, consist usually of closely compressed 
synelines, the anticlines having been removed by erosion, thus leaving the older 
rocks exposed between the synclines of the later rocks. The basin of Moose lake 
lies in a syncline, most probably of Upper Keewatin rocks, whose axis runs north- 
easterly. The lake itself is in a mass of comparatively soft sericitic schists, while on 
either side rise the harder conglomerates and associated rocks flanked by still 
higher ndges of Lower Keewatin (or older) greenstones. 

The Animikie.* South of Disappointment lake, in sec. 3, T. 63-8, is a mass 
of Animikie strata lying at the north edge of the gabbro. The strata here dip south 
at a high angle and in lithological characters they are similar to the other banded 
ferruginous quartzytes or olivinitic iron ores, described in the chapters on the 
Gabbro Lake, Fraser Lake and Akeley Lake. plates. Other Animikie areas are not 
known in this plate, but there is some evidence that a small mass of these rocks 
exists near the southern part of the west side of sec. 11, T. 63-9. 

The Keweenawan, The gabbro, belonging to the Cabotian division of the 
Keweenawan, underlies a large part of the southern half of the Snowbank Lake 
plate. It has the same general characteristics and lithology as elsewhere, and it 
need not be described here. The gabbro lies on the (iiant’s Range granite at the 
western edge of the plate, but it soon covers this and passes over onto the Keewatin 
greenstones and mica schists; it les on granite again, south of Snowbank and 
Round lakes, and then passes onto Keewatin rocks, on which, excepting the small 
mass of Animikie already mentioned, it rests throughout the remainder of its 
northern limit in this plate. The gabbro has had a profound effect upon the 


*Since the writing of the chapters on the areal geology and the making of the geological maps, the state geologist has 
reached the conclusion that the mass of ferruginous rock, here described as of Animikie age, really belongs to the Keewatin. 
The same is true regarding allof the olivinitic iron ores formerly included in the Animikie, é.¢. those at Akeley lake and westward. 
and at Gabimichigama lake, in Cook county, at several places in Lake county, and at Bireh lake in St. Louis county. As the 
map and descriptions were completed before this conclusion was reached, they have not been chanyed. A discussion of this 
question may be found in the chapter devoted to structural geology in vol. vy of this report, and details of this locality at Disap- 
Pointment lake may be found in the chapter on Lake county, pp. 302-344. 


~~ 


ee 


— 2«2e0ce Bs ‘nl 


4392 THE GEOLOGY OF MINNESOTA. 
[Diabase dikes. 


older rocks with which it has come in contact, and this fact has already been 
noted.* 

In the gabbro are some deposits of titaniferous iron ore, of which the following 
may be mentioned. About sixty yards northwest of the east quarter post of sec. 15, 
T. 63-9, is a mass of this ore which is exposed for a distance of 250 feet; it is ten 
feet thick, or more, and extends under a hill for an indefinite distance. In the N. 
W.415S. E. 4 of the same section is more of this ore. In the N.4N. W. 4 see. 29, 
T. 63-9, on the south shore of a bay of Crab lake, is a mass of lean, titaniferous 
magnetite which covers about ten acres. 

Associated with the gabbro are small amounts of fine-grained gabbro, which is 
described more fully in the chapter on the Akeley Lake plate (chapter xxiv). 

(1). Diabase dikes. Water than all the foregoing rocks, except, perhaps, the 
gabbro, are a few small diabase dikes, which are comparatively fresh, are uniformly 
very fine-grained on the sides, and have not been subjected to pressure or shearing. 
They are referred to the Keweenawan. One of these dikes cuts the granite in Snow- 
bank lake, in sec. 1, T. 63-9; another, eighteen feet wide, and striking N. 57° E., cuts 
the argillytes at the east end of Ensign lake, in N. W. 4S. E. 4 sec. 11, T. 64-8; 
another, ten feet wide, and striking N. 30° W., cuts the mica schists just north of the 
portage from Snowbank to Disappointment lakes in 8. W. 4 sec. 32, T. 64-8. 


ECONOMIC RESOURCES. 


Mention has already been made of the iron ore in the Animikie, and in the 
gabbro. The latter is titaniferous magnetite, and consequently at present cannot 
be used with advantage. In the N. W. 4 T. 63-9, and immediately adjacent in T. 
64-9, are a number of exposures of Jaspilyte, some of which have been mentioned 
in the seventeenth annual report. While it is not possible to state whether or not 
there are any valuable deposits of iron ore in the district just mentioned, it is certain 
that the geological conditions are the same as in the greenstone and jaspilyte belt at 
Ely, which is directly continuous with the greenstone and jaspilyte belt in the Snow- 

_ bank Lake plate. It is equally certain that the part of this plate mentioned above 
offers a good field for exploration for iron ore. 


GEOLOGICAL MAP. 


The contour lines are to be regarded as only approximately correct, indicating 
the general location of the high ground. In the northern part of T. 64-9, data for 
contours are lacking. The northern boundary of the gabbro, except possibly between 
Iusion lake and the southern side of T. 64-8, is thought to be located with approxi- 
mate accuracy. The boundary lines of the different parts of the Archean are not 
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regarded as located with accuracy. Future work may alter these considerably, and 
at the same time it will enable one to map the Archean more strictly on an age basis. 


ROCK SAMPLES. 


The following rock samples have been collected within the area of the Snow- 
bank Lake plate: 


N. H. Winchell’s series: Nos. 329-331; 980-988; 1035-1039; 1715-1741; 2169-2214; 2227-2274. 

A. Winchell’s series: Nos. 187-251; 295-297; 525. 

H.V. Winchell’s series: Nos. 476-542. 

U.S. Grant’s series: Nos. 132-138; 464-539; 1068, 1069. 

A. H. Elftman’s series: Nos. 30-34; 39; 43-84; 90-92; 97-103; 129, 130; 162-169; 267-281; 285-287; 572- 
635; 637. 


CHAPTER XXIII. 


THE GEOLOGY OF THE FRASER LAKE PLATE.” 


(PLATE 80.) 


By U. 8. GRANT. 


Situation and area, The Fraser Lake plate is situated on the northern part of the 
eastern border of Lake county and its northwestern corner runs to Knife lake, one 
of the international boundary series of lakes. On the east is the Akeley Lake plate 
(plate $1) and on the west the Snowbank Lake plate (plate 79). The Fraser Lake 
plate includes all of Ts. 63 -6, 63-7, 64-6 and 64-7 W., and the south tier of sections 
of Ts. 65-6 and 65 7-W. It thus contains, including water areas, about 156 square 
miles. It is uninhabited, and, being removed from the usual canoe routes, is rarely 
visited, even by trappers and explorers. 


SURFACE FEATURES, 


‘ 


Topography. The area here described contains two rather distinct types of 
surface, each being conditioned by the underlying rocks. The first of these types 1s 
represented by the gabbro-covered area which includes practically all of the plate 
except a belt on the north two miles in width. In general the surface of this area 
is in the nature of an undulating plain. Many small elevations occur, but few 
which rise to a hundred feet above the surrounding country. The most pronounced 
elevations in this plain are: (1) The hill in the S. 4 sec. 12, T. 64-6, west of Little 
Saganaga lake; this rises 200 feet above the lake. (2) The ridge in secs. 25 and 2%, 
T. 64-7, which attains an altitude of 225 feet above Fraser lake. (3) The conical 


* The area included in this plate has been examined at various times by different parties of the survey, and a considerable 
part of the fleld notes have been published. The individuals who did the work, the dates of the work, and the places of publication 
are as follows: N.H. WincHELL, fleld work of 1879, Tenth Annual Report, pp. 96,97; field work of 1886, Fifteenth Annual Report, 
pp. 360-2360; fleld work of 1881, Sirteenth Annual Report, yp. 92-04, 9-108; field work of 1892, Twenty-first Annual Report, pp. 158, 
1h). A. WINCHELL, field work of 1886, Fiftecnth Annual Report, pp. 145, 146,170, 171. U. 8. GRANT, fleld work of 1888, Seventeenth 
Annual Report, pp. 6-191: field work of L801, Treenticth Annual Report, pp. 60-82; fleld work of 1892, Twenty-fourth Annual Report 
Some features of the northern part of the plate have been deseribed by the writer as follows: Note on an augite soda-granite 
from Minnesota, Amer. Geol., vol. ii, pp. SE38, June, 1883; Voleanic Rocks in the Keewatin of Minnesota, Science, vol. xxiii, po 1 
January 12, 64; The Geology of Kekequabic Lake in Northeastern Minnesota, with special reference to an augite poda-granite , 
Tiventy-first Annual Report, pp. 5-58. 

On aecount of the monotonous character, in a geological sense, of at least three-fourths of the area,—that part being 
covered by gabbro of uniform nature,—and because the conditions are such that no important deposits of iron ore are likely to be 
found, this area Was not examined along the Mesabi iron range as carefully as some of the other plates. The examination was 
contined largely to the Jake shores, because this incthod furnished the most rapid and easiest means of determining the geological 
structure. Most all the lake shores, excepting those of some of the small lakes in the northern half of T. 64-6, were examined, 
and in a number of places, especially in the northern part of the area, the country away from the lakes was also visited. The 
writer, in 1X91 and 1892, visited practically all the area which was examined by parties of the survey in 1886 and 1887, as well as 
examining many localities not before visited. 
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hill in sec. 17, T. 63-6 W., rising somewhat less than 200 feet above the adjacent 
parts of the Kawishiwi river. 

While the surface is in general one of low relief, the minor irregularities are 
pronounced. Steep rocky hills are common and small vertical escarpments, ten to 
twenty feet in hight, are of frequent occurrence. The flat character is more pro- 
nounced in the southern than in the northern half of this gabbro-covered area. 
Some of the water bodies, none of which are deep, stretch through considerable areas, 
as for instance Fraser and Thomas lakes, which differ less than a foot in hight and 
extend into fifteen different sections, and the irregular part of the Kawishiwi river 
Just east of lake Alice, which is nowhere more than half a mile wide and extends 
into twelve different sections. 

The general plain-like character of the gabbro-covered area can be ascribed to 
weathering, erosion and glaciation acting on a surface composed of a single rock 
mass (the gabbro) uniform in constitution, grain and resistance to disintegrating 
agents. This comparatively featureless gabbro surface has been crossed from north 
to south in several places in Lake and Cook counties, and the difference between it 
and the country of more marked relief, both to the north and to the south, has been 
noted. And this country of more marked relief is composed of rocks different from 
the gabbro. The hilly country just to the south is made up largely of granites, 
while that to the north is composed of alternations of rocks of different nature. 
This fact of the existence of a character of surface, on either side of the gabbio 
area, different from that of the gabbro area itself ean be seen more or less distinctly 
by examining the relations of topography to the underlying rock on this plate, and 
on the three to the east—the Akeley Lake, Gunflint Lake and Rove Lake plates 
(plates 81, 52 and 83). 

In the Fraser Lake plate the belt two miles in width on the north shows the 
second type of surface. The underlying rocks here vary much in character, being 
composed of argillytes, green schists, grits, graywackes, conglomerates, greenstones 
and granites. Marked differences of elevation of the surface are characteristic of 
this area, the elevations being composed of rocks which best resist erosion and 
decay. Hills rising 200 or more feet above the surrounding country are common, 
and frequently these hills have steep or even precipitous sides. Such escarpments 

are seen on both sides of Kekequabic lake near its narrowest part. 
| The ridge running from Gabimichigama lake westward to the large southern 
bay of Kekequabic lake is part of the Giant’s range, which in this distance shows 
several points rising considerably above the rest of the ridge. The hills in sees. 1 and 
2, T. 94-7, are of granite and rise more than 250 feet above Kekequabic lake. A 
mile further east in see. 6, 'T. 64-6, a hill composed of tough grit rises 100 feet higher, 
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and still further east, in sec. 4, T. 64-6, West and East Twin peaks rise 200 feet 
higher than the last. East Twin peak is the highest point in the area here described, 
being about 2,060 feet above the sea, over 560 feet above Kekequabic lake and about 
678 feet above Knife lake (1,882 feet above tide), the lowest point in this area. 
Mount Northrop, in sec. 2, T. 64-6, is over 1,950 feet above the sea; this and the 
Twin peaks are composed of greenstone. On the north side of the central part of 
Kekequabic lake are some sharp ridges composed of volcanic tuff. One of these, in 
sec. 35, T. 65-7, is 260 feet above the lake; and another (Mallmann’s peak) just out- 
side the area of this plate, in sec. 30, T. 65-6, is 230 feet above the lake. The hights 
of the various lakes can be ascertained by consulting the map (plate 80). 

The lakes in the gabbro area are comparatively shallow, and, from imperfect 
data, it would seem that depths of forty feet are uncommon. The lakes in the other 
area, especially Knife and Kekequabic lakes, are much deeper, and probably in 
places the bottom is nearly a hundred feet below the lake level. This will give a 
difference of about ¢¢3 feet between the extremes of elevation in the area of 
this plate. | 

An estimate of the average elevation, the highest and lowest points, and the 
difference between the extremes of elevation in each township, is given below. The 
figures refer to altitudes in feet above sea level, and the lowest lake surface is taken 
as the lowest point in each township. 


Average. Highest. Lowest. Difference. 
T. 63-5, - : : , : 1,625 1,810 1,560 250 
T. 63-7, - - - - 1,575 . 1,665 1,540 1% 
T.64-6,-  —° - : : : 1,710 2,060 1,548 512 
T. 64-7, — - 5 - - 1,565 1,760 1,430 330 
T. 66-6," : : : ; 1,650 1,855 1,498 357 
T 65-7.% — - . : : 1,510 1,760 1,382 378 


Drainage. The Fraser Lake plate lies in the drainage basin of Hudson bay, but 
the various parts of the plate belong to several minor basins. The waters of the 
small lakes in the eastern part of T. 64-6, Little Saganaga and Gabimichigama lakes 
flow through Agamok lake and then north and eastward to Saganaga lake on the 
international boundary. The waters from this lake flow westward along the north 
side of Hunter’s island. Fraser and Thomas lakes outlet through Ima lake, and the 
water finds its way to Basswood (Bassimenan) lake, also on the international bound- 
ary. The lakes and streams in Ts. 63-6 and 63-7 and those in the southwestern part 
of T. 64-6 form what is known as the Kawishiwi river, which flows westward to the’ 
west edge of Lake county, and then northward to Basswood (Bassimenan) lake. The 


- waters of Basswood (Bassimenan) lake join those from Saganaga lake in Lac la Croix 


at the west end of Hunter’s island. The waters of the last mentioned lake eventu- 
ally find their way into Hudson bay through the Rainy and Nelson rivers, 


* Including only the southern tier of sections in this township, 
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The drift; a driftless area, The following directions (referred to the true merid- 
ian) of glacial striz have been noted within the area of this plate: 


S. W. 14.N. E. 14 sec. 32, T. 65-6, east side of old beaver Pas - - - south 25° W. 
Sec. 18, T. 64-7, north shore of Ima lake, - 3 - - south 23° W. 
Sec. 18, T. 64-7, north shore of Ima lake, - : : : ‘ ; : south 36° W. 
Sec. 28, T. 64-7, island in Thomas lake, - : : 2 : south 25° W. 
Sec. 11, T. 64-7, ‘ ; ‘ : : 3 é : south 30° W. 


These indicate a general sbiiiuiliniadiaals direction for the last glacial move- 
ment in this area. 

The drift features of this plate have not been carefully studied, but a few points 
of interest have been noted. Throughout the area of this plate the drift is scanty, 
being sometimes practically absent or only a few inches, or feet, in thickness. The 
underlying rock outcrops abundantly, and in places continuous outcrops of consid- 
erable extent are seen. These rocks have suffered practically no decay since glacial 
times, but glacial strie are not as abundant as might be expected, although the 
general rock surface presents the appearance of rounded glaciated domes. The 
highest hills have the same rounded appearance, and on the top of East Twin peak, 
as on other summits, foreign boulders occur. No morainic accumulations have been 
traced within the area of this plate, but in sec. 12, T. 64-7, are some drift hills which 
perhaps represent morainic deposits. 

The shores of Wilder lake have been described as composed of gabbro decaying 
into soil, and free, or nearly so, from any foreign boulders.* This same peculiarity 
is noticed about lake Alice and more markedly in the southwest part of T. 44-6, 
and the northwest part of T. 63-6. The following extracts from field notes give 
more definite localities. 


On the portage running northwest from the large lake in sec. 20, T. 64-6, are many outcrops of coarse 
gabbro, much decayed, and in places forming considerable soil. Very few smooth, fresh gabbro surfaces are 
seen. No large boulders occur, but there are a very few small boulders of slate and granite. The whole pre- 
sents the same appearance as described about Wilder lake. The large lake in sec. 20, T. 64-6, is surrounded by gabbro 
hills, all decaying and forming soil. The lake in section 32 of the same township also has its shores of decaying 
gabbro. On going directly south from this lake to the Kawishiwi river in the southern part of sec. 5, T. 63-6, 
gabbro is seen in many places, often very much decayed; almost no foreign boulders were noted. Along the 
Kawishiwi river north of lake Polly, especially in secs. 7 and 8, T. 63-6, the gabbro is crumbling and decaying. 
Only a few foreign boulders, and these of small size, were seen. But one peculiar circumstance is that smooth 
and sound gabbro bosses occur within a few yards of other exposures of gabbro which is much decayed. How- 
ever, on the smooth, undecayed bosses no glacial striz could be found. The shores of lake Polly show some- 
what similar decaying gabbro outcrops, but these are not so abundant nor so noticeable as at the localities 
mentioned above. 


The differences between this region and the surrounding country are marked 
and consist in the following: (1) The lack, except for a very few foreign boulders, 
of drift, while the surrounding country contains many foreign boulders and fre- 
quently a thin covering of drift. (2) Glacial striae have not been found, but are 
rather frequent outside of this area. (3) The rock is weathering and forming soil 
in situ, while elsewhere practically no rock weathering has taken place, and none 


*N.H. WINCHELL. Fifteenth Annual Report, p. 350. See also chapter on Snowbank Lake plate, of this volume, 
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of the soil is formed directly from the underlying rock. (4) Sand beaches composed 
of yellow sand derived from the feldspar of the gabbro are common along the lake 
shores, but in the surrounding country sand beaches are of very rare occurrence. 
The marked weathering of the gabbro just described, judging from our knowl- 
edge of the lack of postglacial weathering in northeastern Minnesota, undoubtedly 
is not postglacial. That the area here described suffered no, or almost no, glaciation 
during the last Glacial epoch, is clear, but why it was not subjected to the same 
action which, in immediately adjacent areas, removed all the decayed rock, rounded 
the surface and deposited a slight amount of drift, is not so clear. It is possible that 
the high ridge, already mentioned, lying along the north side of T. 64-6, had some 
influence in modifying glacial erosion and deposition in the district here described. 
The poorly glaciated area is in a general south-southwest direction from this ridge— 


corresponding with the direction of last ice movement in this vicinity. 
GEOLOGICAL STRUCTURE. 


Brief sketch of the rocks. Following the divisions of the plate already noted— 
a northern part two miles in width, and another part including the rest of the area 
—we find that the first 1s underlain by rocks of Archean age. These are largely of 
clastic origin and are divisible into several groups. They include argillyte, gnit, 
graywacke, green schist, greenstone, volcanic tuff and conglomerate. They have 
been closely folded, often rendered schistose and now stand in various attitudes, but 
have a general east-northeasterly strike. Associated with these rocks is a consider- 
able mass of granite, also of Archean age, and all have been cut by diabase dikes. 
The second divison is underlain by a vast mass of igneous rock (gabbro) of much 
later date than the Archean rocks. Between these and the gabbro is a series of 
rocks not yet carefully studied, which are described as gabbro contact rocks. Ina 
few places the gabbro includes small areas of iron-bearing rock of Animikie age. 

The Archean, Rocks of this age occupy the northern two miles of the area of 
this plate, but on the western edge of the plate they extend a mile and a half farther 
south than elsewhere in this area. They are readily divided into two distinct and 
easily separable groups referred to Keewatin age; the first is composed in the main 
of clastic material; the second is yranite. 

In lithological character the Keewatin clastics are separated into five divisions, 
which, however, are not always sharply marked off from each other. These divisions 
are the slate formation, the green schists, the vulcanic tuffs, the greenstones and the 
conglomerates. While these general divisions can be easily made, still one some- 
times grades into another, and our data will not allow us to map exactly the outlines 
of each division, although an attempt to do this is made in the accompanying 
map (plate LL), on which is represented Kekequabic lake and the adjoining country. 


GEOLOGICAL AND NaTuRAL History Survey, Vou. IV. PLATE LL. 
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This map extends farther north than the limits of the Fraser Lake plate and includes | 


one type of rock, a hornblende porphyryte, not represented in the area of that plate. 

The strike of the Keewatin rocks varies considerably, but has a general east- 
northeasterly direction; the dip also varies, the rocks being closely folded, and steep 
inclinations of the strata are the rule. There is, at least, one marked exception to 
the general strike, and that is in the W. 4 sec. 6, T. 64-6, where, for a considerable 
distance, the strike is nearly north and south, conformable to the edge of the granite 
mass on the west, and the dip is almost vertical. _ 

The clastic rocks have been subjected to considerable dynamic action, and, as a 
result, all except the coarse conglomerate have acquired, in places, slaty and schistose 
structures. This is especially true of the argillytes and green schists, and in many 
places where undoubted stratification appears, it is practically coincident with the 
slaty or schistose structure. There are, however, many outcrops which show one of 
these secondary structures without exhibiting any distinct lines of sedimentation. 
And in this connection it should be stated that evidences of sedimentation are lack- 
ing over exposures of considerable size; this is especially the case in the conglomer- 
ates, tuffs, graywackes and grits, but is also true to a less extent in the argillytes. 
All of the clastic rocks, excepting the green schists and argillytes, are often seen 
possessing no evidence either of sedimentary lamination or of secondary parallel 
structures; in such cases the graywackes frequently present the appearance of fine- 
grained massive rocks. 

(1). The slate formation. The larger part of the area shown in plate LL is 
composed of rocks belonging to this formation, which covers all the northern half 
of this area -in fact the whole portion north of Kekequabic lake, except for small 
amounts of green schist, tuff and hornblende porphyryte, is underlain by the slate 
formation. It also occupies the eastern side and all of the southeastern quarter of 
the map (plate LL), but does not occur in any amount in the southwestern quarter. 
These rocks reach a great development outside of the immediate vicinity of Keke- 
quabic lake, and form a large portion of the Keewatin rocks in Minnesota. 

Lithologically the slate formation is divisible into three parts: argyllite, gray- 
wacke and grit. The first covers some areas almost exclusively, but the others, while 
found in large amount, are never entirely free from bands of argillyte. Still there 
are certain portions of the surface where grit or graywacke is developed to almost 
the complete exclusion of the argillytes. These three types of rock are found grading 
into each other. This is especially noticeable in the case of the graywackes and 
argillytes, the finer-grained slaty facies of the former passing by indistinguishable 
steps into gray argillytes. In mapping it is of course impossible to separate areas of 
argillyte from those of grit or graywacke, as they are frequently so intimately inter- 
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bedded, but under the description of each is given its distribution in areas where the 
two others are largely absent. 


Argillyte. The larger part of the region north and weat of Kekequabic lake, and also a considerable part 
of sec. 6, T. 64 6, is occupied by argillytes. They are found in their best development, comparatively free from 
bands of grit and graywacke, just to the west and northwest of Kekequabic lake and around the shores of Epsilon 
lake. In color the argillytes are generally rather dark, nearly black or dark gray, but they often vary towards 
greenish and lighter gray tints, and in one place, near the corner of the bay, in which is Stacy island, to a reddish 
shade. Evidences of stratification are quite generally present, being shown by alternating bands of lighter and 
darker shades and slightly different composition, these bands being usually from one-quarter of an inch to an 
inch in width. Rarely there are seen areas of the darker slates where sedimentary lines are obscure or entirely 
lacking. The darker varieties show the best developed slaty cleavage, but in no place is this continuous and 
perfect enough to make the beds of economic importance. 

The argillytes vary in composition in two general directions. First, by the addition of more and more 
siliceous matter they grade into siliceous schists; variation in this direction is marked by a change in color to 
lighter and lighter gray. When the silica becomes more abundant, and is in distinct grains, the rock is approach- 
ing the graywackes and grits. Variation in the second direction is due to the addition of a chloritic or horn- 
blendic (actinolitic?) constituent often accompanied by an increase of silica; the rock thus assumes a greenish 
color and a less cleavable character. Such green slates are tough and very hard. In one place, near the south- 
east end of Pickle lake, there are narrow bands of red and black jaspilyte interbedded with these green slates, 
These jaspilyte bands are the nearest approach to iron ore in the immediate vicinity of Kekequabic lake, 
Another direction of change for the argillytes is toward sericitic schists. This variation is not seen commonly at 
Kekequabic lake, but is shown to some extent. 

Graywacke. This rock occurs in its best development around the east end of Kekequabic lake. It isseen 
in especially fine exposures in S. W. 14 sec. 29, T. 65-6. It varies in grain from quite coarse graywacke, with 
quartz grains one-sixteenth to one-eighth inch in diameter, to a very tine gray slate. The coarser facies occur in 
massive beds from a few inches to many feet in thickness, and often show no parallel structures, either original 
or induced. 

Grit. This rock is especially developed on the north slope of the hill whose summit is in N. 14 sec. 6, T. 
64 6. It is very intimately interbedded with narrow bands of a greenish gray, very fine-grained rock. The beds 
of grit vary from a fraction of an inch to over fifty feet in width, and, aside from the interbanded gray rock, show 
no sedimentary lamination nor slaty cleavage. The grit is dark gray to black in color, rather fine-grained, and 
shows numerous glistening quartz grains and a few feldspar grains imbedded in a dark groundmass. These 
grains of quartz and feldspar and rock fragments (to be mentioned below) are usually from one-half to two 
millimeters in diameter,—often smaller and rarely larger. Under the microscope the rock is seen to be composed 
of sub-angular fragments of quartz and feldspar imbedded in a groundmass, which is made up almost entirely of 
green hornblende. The hornblende occurs in fibers and irregular grains. The fibres often are of minute size and 
- penetrate the rock mass in all directions; they even seem to extend for short distances into certain quartz grains. 
Small fragments of various igneous rocks are also present, noticeable among which are a porphyryte and a fine- 
grained granite porphyry very similar to the porphyritic facies of the granite of this region, but showing n0 
augite. The grit thus appears to have been deposited in water during explosive volcanic action, its material in 
considerable part being referable to such an origin. The groundmass, which has now crystallized as green 
hornblende, and the tine greenish gray bands in the grit, perhaps represent the finer parts of water assorted 
volcanic ash. | 


(2). Green schist. Within the area under consideration there occur certain 
green schists of a rather anomalous character. They are of a dull green color and 
are rather soft, crumbling easily under the hammer. These rocks have been often 
described in the reports on this region as “soft green schists” and “ chloritic schists,” 
but, as is shown below, they are essentially composed of hornblende. 

These schists are found well developed in some places. A small belt occurs just 
north of Kekequabic lake, in E. 4 sec. 34, T. 65-7; also at the west end of the lake, 
in N. E. } sec. 4, T. 64-7, along N. 4 sec. 11, T. 64-7, and on the south shore, in N. W. 
1 sec. 82, T. 65-6. But by far the most typical and interesting exposures are to be 
seen in a narrow belt along the north shore of the lake, in secs. 35 and 36, T. 65-7, 
and N. W. 4 sec. 31. T. 65-6. Perhaps the best of these exposures occur on the small 
islands near the centre of section 36. | 
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These outcrops almost everywhere show a distinct schistose structure, which is more pronounced where 
the rock has weathered. There are also in many places clearly defined lines of sedimentation; these can be 
seen in great perfection on a little island in S. W. 14 sec. 35, T. 65-7. And here, as well as at some other localities, 
there are numerous rounded green pebbles of about the same composition as the green schist. These pebbles 
are clearly brought out by weathering and wave action, being slightly more resistant to these agencies of 
destruction than the rock itself, which decays and crumbles readily. There are also occasionally seen quartz 
pebbles arranged in parallel lines, thus giving additional traces of original sedimentary planes. 

The green schist is usually of rather fine grain and is sometimes so fine that it appears homogeneous. In 
the coarser varieties it macroscopically seems to be composed of small, glistening flakes in an unindividualized 
groundmass. Under the microscope the rock is seen to consist of closely crowded green hornblende crystals 
imbedded in a fine fibrous groundmass. These hornblendes are usually in short stout prisms, but little elongated 
in the direction of the vertical axis. They are rarely more than half a millimeter in length, and the average is 
not more than half this size. The groundmass is quite fine and is composed almost entirely of interlacing fibres 
of hornblende. The original nature of the green schist is not very evident. That it is, in part at least, a water 
deposit, is, however, clear. As already mentioned it often shows distinct sedimentary lamination and the laminw 
are frequently seen, where the rock has been more or less crumpled, running in wavy lines at various angles to 
the schistose structure. The difference between the laminw appears usually only on weathering, as some are 
more resistant than others. One thin section cut across the lamination and schistosity, where these are parallel, 
shows many cross sections of hornblende, thus proving that a considerable number of the hornblende crystals 
have their vertical axes lying approximately parallel to the schistose planes of the rock. To the cleavage of 
these crystals is due, at least in some measure, the schistose structure of the green schists. This section also 
" shows two lamina, the only difference between them being that in one the hornblendes are noticeably larger, and 
that there is a small amount more of the saussurite substance than in the other. It seems improbable that the 
fresh and sharply outlined crystals of hornblende should have been deposited in that state, and so the rock 
appears to have been entirely recrystallized from its original condition. 


As to just what was the nature of the original sediment which formed the 
yreen ‘schists, it is impossible to decide, but it seems probable that it was a fine 
water-deposited volcanic ash, now entirely recrystallized. This idea is strengthened 
by the fact that these green schists are rather intimately connected with the next 
rock type, an undoubted tuff, and the two grade together; and in the latter are also 
found similar crystallizations of hornblende. 

(3). Volcanic tuff. Extending along the central part of the north shore of 
Kekequabic lake, and separated from the water by a narrow belt of green schist, is a 
prominent ridge, ending on the east in Mallmann’s peak. This ridge 1s made of hard 
tough rock, which, excepting at its eastern end, is different from any rock in the 
vicinity. It varies much in general appearance, but Is usually of a greenish color 
with an aphanitic base in which are seen numerous lighter blotches and changes of 
color. Between these blotches, and sometimes in them, are black crystals of horn- 
blende. Pyrite isalsoquite commonly seen. In certain places rounded and subangular 
pieces of quartz and argillyte are embraced in the rock, and it 1s also seen grading 
into the green schists. Parallel bandings similar to sedimentary lamine also occur, 
sometimes quite abundantly, but usually the rock shows no structural planes of any 
kind, nor any schistose or slaty cleavage. 

In thin section this rock varies much, but its fragmental character is easily 
discernible. The original nature of the fragments, which are usually angular, is, 
however, not very evident, owing to alteration and the development of secondary 
minerals in the rock, but it seems that a porphyryte forms most of these fragments. 
Between the fragments and forming the groundmass of the rock, and often in the 
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fragments themselves, are many hornblendes similar to those in the green schist, 
And there are also areas of secondary hornblende filling in old crystal outlines. What 
these crystals originally were is not clear, although they probably were pyroxenes. 

(4). Greenstone. It is convenient to continue, at least for the present, this field 
term. It is applied to a series of greenish, more or less altered, rocks which are 
common in this part of Minnesota and which are known to be composed essentially 
of material of igneous origin. Frequently these greenstones are quite schistose and 
are then called greenstone schists, but in the area of this plate the schistose character 
is not so pronounced as elsewhere, and the greenstones form hard, massive, enduring 
rocks. The highest hills in the Fraser Lake plate are greenstone hills—mount Nor- 
thrup and the Twin peaks. This rock is confined largely to the vicinity of these hills 
and occupies practically all the Archean area in secs. 2, 3, 4 and 5, T. 64-6. 

While the greenstones are composed almost entirely of igneous material, it is 
as yet intpossible for us to map the two parts of the greenstone areas, on account of 
the alteration which these rocks have undergone, and on account of lack of detailed 
examinations both in the field and in the laboratory. These two parts are: (1) A 
fragmental portion composed of fragmental volcanic materials, sometimes, though 
not always, showing evidences of deposition in water; and (2) Actual flows and intru- 
sions of igneous rock. In general, these greenstones are basic rocks, and some of the 
less altered outcrops of the second part show that the rock at these places was origi- 
nally a diabase. 

(5). Conglomerate. While conglomeratic areas of very limited extent, holding 
only small pebbles, are found at various places in the rocks already described, espe- 
cially in the green schists, still these areas have not been called conglomeratic areas. 
Conglomerates occur in characteristic development on the south side of Kekequabic 
lake between the shore of that lake and the small lake in S. W. 4 sec. 36, T. 65-7. 
Here the rock contains well rounded and closely crowded pebbles which often reach 
a size of over a footin diameter. These pebbles are of various rocks, including vein 
quartz, argillyte, jaspilyte and a granitic rock resembling the granite of this vicinity. 

Another conglomeratic area is found near the southwestern corner of sec. 6, T. 
64-6, just before the Archean rocks disappear under the gabbro mass. 

The granite, The granite of Kekequabic lake is of a peculiar type—an augite- 
soda granite. It has been described at some length in the twenty-first annual report, 
and the following discussion of the general relations of this rock are taken from that 
report: 

The granite, with the two exceptions mentioned below, is confined to a roughly 
oval area, whose major axis (east and west) is about three and a half miles; the minor 
axis being less than two. It occupies most of the S. W. 4 sec. 31, T. 65-6 W., the 8. 4 
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S. $ sec. 36, T. 65-7, nearly all of sec. 1, all the land in sec. 2 and most of the land in sec. 3, 
T. 64-7. The only exceptions to the oval outline of the area occupied by the granite 
are: (1) A narrow band of granite, or what appears to be such, running out from the 
main mass along the south shore of Kekequabie lake in sec. 31, T. 65-6. (2) Small 
isolated granitic bosses found in the clastic rocks, mostly to the north of the main 
mass of the granite. The rock of these areas makes up the porphyritic facies of the 
granite. In this connection, and before proceeding farther, it might be well to state 
that the granite is separated into two principal facies—a granitic and a porphyritic 
—-which are rather distinct in the field. 

On all sides, except at the southwest, the outlines of the granite area can be 
pretty definitely traced, and we can feel sure that its surface area is about all exposed. 
But at the southwest the gabbro contact rocks come up to the granite. If these 
rocks are part of the gabbro which extends over the old granite surface, it is possible 
that there is an area of gramite now concealed under the gabbro and its contact rocks 
to the southwest. But this is rendered rather improbable for two reasons: (1) The 
general outline of the granite area, and the fact that the clastic rocks of the region 
are found both on the south and west, would seem to indicate that they were continu- 
ous around the southwestern edge of the granite boundary. (2) It is not yet certain 
that the gabbro contact rocks which here come up to the granite are not the clastics 
of the region metamorphosed. ‘There are no other known exposures of granitic 
rocks within several miles of the Kekequabic Lake granite, excepting one small out- 
crop (xyenyte) in the midst of the gabbro near the centre of the 8S. W. 4 see. 11, 
T. 64-7.* 


Parallel structures. One of the first features of the granite which attracts attention is itsseparation along 
roughly parallel planes. The layers thus formed vary from an inch to ten or more inches in thickness, and the 
same layer varies in thickness within a short distance. No difference in petrographical character between the 
different layers can be made out, nor is there any arrangement, macroscopically visible, of the constituent 
minerals of such a kind as to cause splitting along these planes. And there seems to be no tendency toward an 
indefinite separation into finer and finer layers. In some cases small quartz veins are to be seen between the 
ditferent layers, but usually there is nothing visible except a simple undulating crack. Thin sections of the rock 
cut at right angles to this cleavage show no evidenee of any parallel arrangement of the minerals nor of any 
microscopical faults or fault breccias, to which cause the rifting of certain granites is due.t 

The cleavage of the granite of Kekequabic lake has been described and figured,f but no explanation of its 
origin was given. It was provisionally called flowage structure, but there is no evidence of such a structure in 
the rock. It seems to the writer this separation into sheets is probably due to jointage caused by contraction in 
cooling. While this cleavage is in places very pronounced, it is still not to be seen over most of the granite area. 
It is found in its best development on some of the smaller islands in the western part of Kekequabic lake, in 
sec. 3, T. 64-7. Here the parallel layers dip toward the north at angles varying in different outcrops from 10° to 
40°, but on the little point in the S. E. 1, S. W. 14 sec. 2, T. 64-7, the dip is toward the south 10° to 15°. No 
general direction nor regularity in this dip has been seen. 

It will be noticed that in the previous descriptions of this granite, it has been frequently called “fine 
syenitic gneiss, “chlorite gneiss” or simply “ gneiss,"§ thus implying that there was some evident gneissic 
structure in the rock. However, aside from that described above, the writer has been able to detect no evidence 
of any parallel structures in the rock; there are no alternating bands of different’ mineral composition, nor are 


* Twentieth Annual Report, p. 60. 

+R.8. Tarr. The phenomenon of rifting in granite. .dmer. Jour. Sci., tii, vol. 41, pp. 267-272, April, 1891. 
t Fifteenth Annual Report, pp. 361, 382, figures 51 and 52. Twentieth Annual Report, pp. 7, 71, figure 4. 

@ Fifteenth Annual Report, pp. 361-369. Sicteenth Annual Report, pp. 149-158. : 
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the mineral grains uniformly elongated in a common direction. Wherever examined the rock presents a truly 
massive aspect. The only thing to suggest a parallel arrangement of the minerals is in smal) areas of the por. 
phyritic facies of the granite, where some of the feldspar phenocrysts are arranged with their long axes roughly 
parallel, due to movement in the mass before soliditication, and after the formation of the phenocrysts. In 
support of the above statements concerning the absence of gneissic structure in the granite, it may be well to 
quote the following from Prof. N.H. Winchell’s second report on Kekequabic lake: ‘“ This [the granite] has 
been called gneiss this year and last, but it needs a word of qualitication. It has not the real gneissic structure 
or foliation supposed to be due to original sedimentary bedding. It has acquired a sheeted structure, but in 
general it is a massive rock, showiny variations due to the original conglomeratic state of its materials, as already 
described. Where it passes into the porphyry it is more compact and more firm than when it is not por- 
phyritic.”* 

The only other parallel structure heretofore noted in the granite is that due to traces of an original sedi- 
mentary banding, considering the granite as a highly metamorphosed conzlomerate. The remains of this 
structure were noted in one place, as follows: ‘There is visible sometimes not only a conglomeratic, but a 
sedimentary banded structure dipping 80° from the horizon, S.10° W."t The writer can only say that he has 
been unable to find any traces of an original sedimentary banding in the granite. 

Field relations of the granite to its own facies. As already stated, there are two important facies of the 
granite, a normal granitic and a porphyritic. The porphyritic facies occurs in isolated bosses without the limits 
of the granite proper, and is usually separated from it by the country rock. In a few places the two facies 
approach near to each other, but are not seen in actual contact. Here no evidence of a transition between the 
two is seen, each retaining its own characters as near together as they were exposed. Only one contact has been 
seen between these two facies of the granite; here in a small exposure branching vein-like forms of the granite 
porphyry cut the granitic facies. From this it would appear that the porphyritic facies is of some later date 
than the main mass of the granite. The two rocks agree so well in chemical and mineralogical composition, 
which will be mentioned later, that it seems impossible to consider them as anything but parts of the same 
magma. The writer is inclined to think that the porphyritic facies is of but little later date than the granitic 
facies and ete ae was erupted before the complete cooling of the latter. 

In the N. W. 14 sec. 2, T. 64-7, isa small island made up mostly of the normal granite, but with a porphy- 
ritic aspect. At thie: nore end of a island isa dark gray to greenish rock, which has been termed the poikilitic 
facies of the granite, but there seems to be good reason for considering this as a part of the green schists of the 
revion metamorphosed by the granite. This greenish rock is cut in all directions by vein-like forms of the granite 
and angular fragments of the dark rovk are found imbedded in the granite mass. The granite where it cuts the 
other rock is of somewhat finer grain than at a short distance from this place. 

A peculiar facies of the granite is found in the narrow strip which runs along the south shore of Keke- 
quabic lake in the east half of sec. 31, T. 65-6. This is somewhat different from the normal granite, but never- 
theless seems to grade into it. This facies of the granite is called the hornblendic facies. 

Aside from the four phases of the granite already mentioned, there ig another,— the syenitic facies. This 
is not as distinctly separated from the normal granite as are the others, but it forms an important part of the 
granite mass. In many places by a simple gradual] loss of the quartz, the granite passes into an augite syenyte. 
These areas of syenyte occur most frequently on the hills in secs. 1 and 2, T. 64-7. 

Field relations of the granite to the surrounding rocks. In former descriptions it has been supposed that, 
this granite in places passes gradually into the graywacke and conglomerates of the region. At two localities 
there has been found a gradual passage from the granite to rocks macrosvopically resembling fine graywacke or 
graywacke slate. The first of these is on the northern side of the narrow point which projects from the west shore of 
Kekequabie lake, in the 8S. W.14 N. W. 14 see. 3, T. 64-7. Here within a distance of thirty feet, there is a gradual 
transition from distinct fine- perined sranits into a rock which resembles the gray wacke slates of the region, but it 
age no lamination and the slaty structure is not well developed. Near the base of the promontory in the 8. W. 

4 5. W. 14 sec. 29, T. 65-6, is an apparent transition in a distance of a foot or two from the phorphyritic granite 
‘ a graywacke-like rock. A series of specimens has been collected from both of these places, and mention of 
them is made in the section on the origin of the granite, but it may be well to state here that the microscopical 
examination in no way confirms the idea of a passage from a clastic rock to the granite. 

Around the edge of the main mass of granite several exposures have been found showing contacts of this 
rock with the surrounding sediments. Perhaps the one best suited for the determination of the relations of the 
granite to the country rock is near the centre of the W. 14S. E. 14 sec. 1, T. 64-7. ‘This locality is described 
beyond under the special] descriptions. 

The porphyritic facies of the granite is found in contact with the green schist and conglomerate in several 
places. It usually sends no apophyses into these rocks, but its later age is shown by its uniformly finer grain at 
the contact lines.> 

On alittle point on the north shore of Kekequahic lake (S. W. 14 sec. 34, T. 65-7 W.), the dark arzillyte is 
cut by a small irregular dike of granite porphyry, which sends many stringers into the argillyte and also includes 


fragments of it. 


*Sirteenth Annual Report, p. 4. 
+ Fifteenth Annual Report, p. B62. 
t Two of these contacts are figured in the Fifleenth Annual Report, pp. 154, 367. 
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In the field there are seen to be two quite distinct facies of the granite—the 
- normal granite and the granite porphyry. These present some microscopical differ- 
ences, but they have many characters in common. The normal granite is of a 
- medium or fine grain and a dull pinkish color. This color is quite characteristic of 
the rock as’seen in most of the outcrops; it is due to the color of the feldspar, which 
is the predominating mineral. The texture is firm and compact. In some of the 
finer-grained phases it is almost impossible to distinguish any mineral other than 
feldspar, but in the coarser phases are also seen grains of a darker mineral, which 
proves to be augite, and quartz. However, the last is not very evident in hand 
specimens. In some places, noticeably in the N. W. 4 N. W. 4 sec. 2, and the prom- 
ontory in the S. W.458. W. 4 see. 8, T. 64-7, the granite is sub-porphyritic with feld- 
spar crystals. These phenocrysts are often, especially at their centres, of a little 
lighter color than the non-porphyritic feldspar. This granitic facies makes up the 
main mass of the granite; it varies little in different exposures. 

The granite porphyry is found only in small isolated areas in the clastic rocks 
and near the edge of the area of normal granite. It is distinguished by its fine, usually 
aphanitic, groundmass and its decidedly porphyritic aspect, which is due to numerous 
white or flesh-colored feldspar phenocrysts scattered indiscriminately through the 
rock mass. There are also minute short stout augite prisms and occasional brilliant 
black biotite scales to be seen in the groundmass. The feldspar phenocrysts vary in 
size in the same hand specimen from almost microscopic dimensions to those ten 
or fifteen millimeters in length. The smaller ones are often very cldsely crowded 
together and are sometimes arranged more or less in lines of flow. At one locality 
these feldspars are very large and conspicuous, sometimes reaching a length of over 
twenty millimeters. The only exception to the white or flesh color of these phen- 
ocrysts is on the northern side of the small island in S. W. tN. W. 4 sec. 3, T. 64-7, 
where the feldspars are of a reddish color. 

What is termed the hornblendic facies of the granite is found-only in a narrow 
strip along the south shore of Kekequabic lake, in sec. 31, T. 65-6. It has a fine- 
grained gray groundmass whose constituent minerals are not readily distinguishable. 
In this are usually scattered small whitish sub-porphyritic feldspars and less evident 
black prisms of hornblende. This rock is different from the main mass of the granite 
in several respects, and the writer does not feel entirely satisfied that it is part of the 
granite, but it seems to be such and is placed here as a hornblende facies of the 
granite. 

As already mentioned the normal granite is seen cutting a dark gray to 
greenish rock on the small island in the N. W. 4 N. W. 4 sec. 2, T. 64-7. This rock 
has a dull greenish groundmass in which are imbedded noticeable flakes of biotite 
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and less evident augite prisms. Even in hand specimens there are seen to he 
certain areas of the groundmass, each of which reflects the light, and in which are 
biotite and augite individuals. This rock has been called the poikilitic facies of the 
granite, but it seems more probable that it is part of the green schists of the region, 
metamorphosed and intruded by the granite. It 1s known only from the northwest 
side of this small island. 

A noticeable feature of the granite in all its facies is the occurrence of small, 
rounded, subangular and angular areas, which are sharply marked off from the rest 
of the rock. They vary from half an inch to two inches in diameter, rarely being 
larger. They are composed usually of aggregations of rather coarsely crystallized 
hornblende or augite. Frequently, however, these dark areas are fragments similar 
to the country rocks argillyte and green schist. These more or less rounded forms 
are very abundant in certain parts of the hornblende granite. In fact, in one 
exposure it is almost impossible to find any surface a foot square which does not 
contain one or more of them, and some areas of this size include as many as twenty." 
In the granite proper and the porphyritic facies these rounded forms are not so abund- 
ant, still they are seen rather frequently. In the former reports on this granite these 
forms have been regarded as the remains of pebbles in a conglomerate, which was 
considered to be the original character of the rock, now a. granite.t It also seems 
very possible to refer some of these forms to basic secretions, which are common to 
very many granites, while others, on account of their petrographical character, can 
be regarded as inclusions of fragments of the surrounding rocks. | 


Origin of the granite. In the reports on the geology of the region about Kekequabic lake, the granite 
has been regarded as of metamorphic origin. This has been maintained by Professors N. H. and A. Winchell, and 
from their reports it would seem that their ideas are as follows: The granite is a result of the recrystallization 
in situ under conditions of partial or complete aqueo-igneous fusion, of the sedimentaries of the region-—-the 
graywackes and conglomerates. The more or less rounded foreign pieces in the granite are the original pebbles 
of the conglomerate. The granite was in some places plastic enough to allow it to be intruded into the sur- 
rounding rocks, but this intrusion was only very local and limited in extent, and the intrusive rock was not 
moved far from its original place, The main mass of the rock has not been moved at all, but is simply portions 
of the graywackes and conglomerates altered in situ. There are gradations from the granite to these clearly 
clastic sediments and the granite is not sharply marked off from the surrounding rocks, except in the few places 
where it has been intruded into them. 

The facts which are urged as sustaining the above idea as to thé origin of the granite seem to be four in 
number, as follows: (1) Presence of ancient but partially obliterated lines of sedimentation in the granite. 
(2) Presence of pebble forms in the granite. (3} Transitions from the granite to the clastic rocks. (4) Pres: 
ence, in the immediate vicinity, of altered clastic rocks resembling the granite. 

In regard to the presence of old lines of sedimentation in the granite, or anything to suggest such lines, the 
writer can only say that he has been unable to see any such, although he has carefully searched for them. In 
fact he has seen no structures in the granite which could be referred in any way to old lines of sedimentation. 

That there are numerous rounded, sub-angular and angular pebble-like forms in the granite has already 
been stated. These are more abundant near the edge of the granite mass and in the small bosses of granite 
porphyry; this is a significant fact and agrees well with the explanation that many of these foreign pieces are 
inclusions of the country rock. In fact, there is just as much reason (to the writer there seems more) for 
assuming that these pebble-like forms are basic secretions in the granite, or are inclusions of the country rock, a8 
there is for assuming them to be the remains of pebbles in an altered conglomerate. 


* Twentieth Annual Report, p. 78. 
+ Fifteenth Annual Report, pp. 362, 368. 
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Two apparent transitions from the granite to a seemingly sedimentary rock have already been mentioned. 
In the field these transitions could be traced quite well, but the rock into which the granite graded, while 
resembling the sediments of the region, still could not be proved to be a clastic rock. A microscopical examin- 
ation of thin sections of a series of specimens taken to illustrate these transitions shows that the apparent 
sedimentary end of the series and also all parts of it reveal no evidence of an original clastic nature, in fact their 
characters are those of fine-grained portions of the granite.* The conglomerate and graywacke, into which the 
granite has been supposed to grade, show in thin section undoubted clastic characters, and in all the sections 
examined there is no occasion to confuse these rocks with the granite. 

A mile to the east of Kekequabic lake are found small areas of altered clastics, which, in some characters, 
resemble the granite. Here the remains of sedimentary planes are visible, and the rock in hand specimens and 
in sections is seen to be somewhat similar to the granite, especially as regards degree of crystallization. Rock 
like this is, however, not found in a position intermediate between the clastics, from which it is derived, and the 
granite, as would be expected to be the case. And it is well known that beds of certain altered clastics (gneisses) 
often closely resemble in hand specimens and in sections the granites which cut them, but this resemblance is no 
proof that the two rocks are of like origin and are parts of the same mass. 

From the above it will be seen that the arguments for the derivation of the granite from the clastics of the 
region are, to say the least, rather unsatisfactory. Indeed, the facts seem as susceptible of explanation on the 
idea that the granite is eruptive as that it is a part of the altered clastics. Moreover, there are other facts which 
point very strongly toward the eruptive origin of the granite. 

Contacts have been described which show that, at least at these localities, the granite plays an eruptive 
rdle. Here the granite has come into its present position in relation to the country rocks since their deposition, 
and it penetrates them in irregular dikes, and in one place includes undoubted fragments of the rock with which 
it comes in contact. Where contacts of the granite with the surrounding rocks occur the latter have been some- 
what altered, although not very greatly, and a mass of the argillyte enclosed in the granite is rendered gneissoid 
near its edges. Contact metamorphism is, however, not very marked. Atthese contacts the grain of the granite is 
finer than at a short distance from the contact line. 

That the granite is of a different character from the surrounding rocks is well shown by the ease with 
which it is separated ftom them. In no place has a gradation from any of the sedimentary rocks to the granite 
been established. In the field it has been possible to map the limits of the granite much more accurately and 
easily than any of the sedimentary rocks, the accuracy of the outlines of the granite depending only on the 
number of exposures to be found. No rocks intermediate in position or character between the granite and the 
clastics have been observed in the area mapped. The sharpness with which the granite is everywhere separated 
from the surrounding rocks is hest seen where the porphyritic facies comes in contact with or is seen near the 
dark argillytes. This fact that the granite is everywhere so sharply and so distinctly separated from the sur- 
rounding clastics is a very weighty proof that it is not a part of these clastics. 

It is easy to imagine sediments buried so deeply and under such conditions of pressure and temperature 
in the presence of water that they would be converted into completely crystalline aggregates. We have many 
such instances, and it is undoubtedly true that many gneisses were formed in this way, but here it is to be noticed 
that a degree of crystallization, as complete as in granites, is often attained without the obliteration of certain 
structural planes in the rock, 7. e., there are rapid alternations of bands of different chemical and mineralogical 
composition which are very distinctly separated from each other. Here there seems to have been practically no 
interchange between different parts of the mass. But if we assume that the granite under consideration, in 
which there are no alternation of bands of different composition, is of like origin, if seems necessary to assume 
that the fusion (if this word may be used) was so complete that the mass took on a uniform composition through- 
out, for it is hardly conceivable that a mass of sediments which shows a section three and a half miles long by 
two wide should be of a uniform composition throughout, and that this mass should be sharply separated, both 
along and across the strike, from sediments which do show this variation in composition. Moreover, it seems 
impossible that a mass which has been so completely altered in situ should be so sharply separated from the 
rocks from which it is supposed to have been formed and which still show their original clastic characters. Again, it 
seems impossible that the pebbles in a mass, which has been so profoundly altered and in which there has been 
so complete an interchange between its different parts, should not have been entirely obliterated instead of still 
retaining their own individuality. (It isto be noticed that the presence of so-called pebble forms is the chief point 
urged for considering the granite as altered sediments.) When fusion has gone so far as to allow a complete inter- 
change of material between the various parts of the rock and an entire obliteration of all differences in composition 
between its various parts, and when such a rock is allowed to cool and crystallize as a holocrystalline mass, it is but 
a simple disagreement in terms that causes such a mass to be called anything but a truly igneous rock: and if such 
a mass is moved from its original position and forced into other rock it is truly irruptive in its nature and origin. 

It is not necessary here to consider the question concerning the origin of granites in general; that question 
is almost as old as geology itself; it dates from the times of Werner and Hutton, and the writer cannot presume 
to discuss it. Nor is it necessary to say anything for or against the idea that some of the pre-Cambrian granites 
and granitoid gneisses may represent fused portions of ancient and very deeply buried rocks. But it can be 
stated that there seems to be abundant evidence that the Kekequabic granite shows no indication that it is an 
altered sediment, that it is not part of the clastics of the region altered in situ, but that it is truly eruptive in 
its origin and nature, that it has broken through the surrounding rocks in a truly eruptive manner, and that 


*Compare rocks Nos. 601G to 605G, vol. v. 
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throughout its whole extent, now exposed to us, it is sharply separated from the surrounding clastics and is of 
later date than these. 

It might be well to state that when the writer began the study of this granite area and two others in 
northeastern Minnesota he was inclined to the view that these granites were the altered clastics of the region, 
but even before the tield work was completed and before the microscopic study of the rocks was begun, he was 
forced to abandon this idea.* 


Special descriptions. A considerable mass of data have been collected from 
various places within the Fraser Lake plate, and below will be found, in condensed 
form, part of the field notes on the area underlain by Archean rocks. 


Kekequabic lake. This lake is the most interesting in the whole plate, as about its shores centre many 
interesting problems in Archean geology, some of which are as yet unsolved. The lake itself is a beautiful sheet 
of water over four miles long. and varying from more than a mile to less than a quarter of a mile in width. In 
general it follows the direction of the rock structure, but the western part does not so closely conform to this 
direction as do the other parts of the lake. The eastern part of the lake, especially near its narrowest place, is 
deep, and the shores are precipitous, while the western part is more shallow, and the shores are not so rugged. 
The description will begin at the extreme southern point in the north edge of sec. 11, T. 64-7, and will run 
westward and thence around the lake. 

On the southwest side of the bay in the above section is gn outcrop of a fine-grained, dark gray granitic 
rock, speckled with small, flesh-colored feldspars (No. 1044). South of this outcrop and about 200 yards from 
the Jake is an east and west ridge of a dark green, fine-grained rock containing much biotite (No. 40G). The 
granite is again seen on the south and on the west side of the small point in W. 14S. BE. 14 8. W. 4 sec. 2, T. 
64-7. At the latter place is a considerable exposure of fine-grained granite (No. 771G) which presents an 
irregular layered appearance. The layers vary from an inch to ten inches in thickness. No difference in com- 
position exists between the different layers, nor is there any arrangement of the constituent minerals in such a 
manner as to cause splitting along certain planes, and the rock shows no tendency to split up into an indefinite 
number of thin sheets, as does a schistose or slaty rock. In some instances minute quartz veins separate the 
different layers. Figure 74 represents the face of an exposure at this place and shows the regularity of the 
layers. The dip of this structure ts 10° to 15° towards the south. 


‘ 


FIG. 74. SKETCH SHOWING THE PARALLEL LAYERS INTO WHICH THE GRANITE IS BROKEN. 
KEKEQUABIC LAKE. 


The little promontory in the S. W. 14 S. W. 4 sec. 3, T. 64-7, consists of the granite in a fresh condition. 
This rock (No.551G) has been taken as a typical representative of the Kekequabic Lake granite, and has been studied 
microscopically and chemically.t Here the rock again shows the layers described above, but this structure here 
dips northward 15° to 20°. At the base of this promontory is a low outcrop of a dark gray argillyte (No. 552), 
the only outcrop of this nature known on the south side of the lake in its western part. 

The greenish biotite rock is seen in several places along the west side of the lake, in S. E. 14 sec. 4, T. 64-7. 
At one place it weathers out into pebbly forms at the water’s edge (No. 1049) and overlies a smal] amount of argillyte. 
but so little of the latter is exposed above the water that the definite relations of the two could not be determined. 

The only exposures of granite on the west shore of the lake are on the little point in S. W. 44 N. W. 14 see. 
3, T. G$-7. Near the base of the point, on the north side, is an outcrop extending along the shore for thirty-five 
feet, and just to the east smaller exposures occur within a few feet of each other. There appears here to bea 
transition (Nos. 601G to 615G) from the granite on the east to a tine-grained gray rock resembling some of the 


* Compare Prof. Winchell’s later diseussion of the origin of this granite. Structural Geology, yol. v. 
t Twenty-first Annual Report, pp. 33-54. 
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gray argillyte of this vicinity, but the fine-grained rock seems to be but a phase of the granite. These rocks are 
described in vol, v. 

On the east shore of the little bay, which lies at the southern side of the base of this point, is a slaty rock, 
which, however, appears perfectly massive, except in weathered fragments where the slaty structure is brought 
out; no evidence of lamination was seen. At the northeast corner of this bay, the slate is a black, almost 
conchoidally breaking argillyte. Here on the weathered surfaces appears a fine lamination which strikes N. 20° 
E. and dips 75° toward the east. This rock is peculiarly spotted by small gray to whitish blotches. These spots 
are not very numerous, but are often quite distinct; they are of all sizes up to those five millimeters in diameter 
(No. 563G). Going west along the north shore of this little bay the black slaty rock is seen in several low 
outcrops; it is cut by small veins which stand out above the surface of the rock on weathered surfaces. Near 
the west end of the bay, in the S. BE. 14 N. E. 14 sec. 4, T. 64-7, is a soft green schist (No. 564G‘, which strikes 
northeast and dips 70° toward the northwest. This rock shows no lamination, but has a very pronounced schis- 
tose structure. Just west of this, near the northwest corner of the bay, is the green chlorite-biotite rock. 

In general, the islands in sec. 3, T. 64-7, are composed of the granite. The island nearest the little point 
above mentioned (S. W. 14 N. W. 14 sec. 3) has a bluff of granite near the centre. On the south shore is a dark 
green rock composed largely of hornblende (No. 561G), and it is in sharp contact with the granite. It is probable 
that the former rock is part of the green schist formation altered by the granite. The island just to the north of 
this has on its western end numerous loose angular fragments of a tine-grained, dark gray rock (No. 558G), holding 
many porphyritic crystals of red feldspar. Andon the south side of the island, and in some places at its west 
end, are also fragments of a dark, conchoidally breaking argillyte very similar to that just mentioned. These rocks 
are undoubtedly in place just below the fragments. On the east end of the island is a smal)! outcrop of a gray, 
tine-grained rock with porphyritic gray and pink feldspars and minute porphyritic augites. It is in sharp contact 
with the argillyte. The two porphyritic rocks are regarded as parts of the same mass, and as a porphyritic 
phase of the granite of the region. 

On the west side of the point near the northwest corner of sec. 3, T. 64-7, are black and gray aryillytes. 
The strike and dip are not clearly shown, but appear to be as follows: strike N. 35° E. and dip 65° to 70° to the 
east of this. On the south side of this point, at the entrance to the little bay, the same rock occurs, and the 
strike is distinctly north and south and the dip 55° towards the east. The bedding and the slaty cleavage here 
coincide in direction. On the south side of this hay the strike is the same, but the dip is steeper, as much as 70° 
towards the east. 

The point on the east side of the bay, in E. 1, S. W. 14 sec. 34, T. 65-7, is made of black and gray, hard 
argillytes, striking N. 60° E., and dipping 75° south of this. The bedding and slaty cleavage are parallel. The 
argillytes are cut by a small, very irregular dike of the porphyritic granite. The contact between the two is very 
sharp and distinct. The dike sends stringer into the argillyte and includes pieces of it. Along the shore east 
of this the same aryillyte is seen again, but within a quarter of a mile a small amount of volcanic tuff appears. 
This apparently grades into distinctly laminated gray slates and also into the soft green schist. 

The island near the east side of sec. 35, T. 65-7, is composed of voleanic tuff, while the island about half a 
mile east of this contains the green schist. The strike, which here coincides with the direction of the schistosity, 
is N. 75° to 85° EK. and the dip is 90°. In places on this island the rock is pebbly, as is well shown on weathered 
surfaces, but on fresh fractures the pebbles can hardly be distinguished. The pebbles are largely of rock similar 
to the matrix, but a few of quartz and a gray slaty rock occur. On the islands just off the north shore, near the 
centre of N. 15 see. 36, T, 65-7 W., the green schist is well displayed, and along the north shore east of these 
islands are clitfs of typical parts of the volcanic tuff. 

On the north shore near the west line of sec. 31, T. 65 6, and at two places within half a mile east of this 
point, the porphyritic granite occurs in small bosses, apparently intrusive into the green schist. East of this, 
where the north line of this section cuts the shore,js Mallmann’s peak, composed of the volcanic tuff on the south 
slope and of graywacke slates on the summit and eastern face. The point on which is the northeast corner of 
this section is composed of the porphyritic granite in typical development. Here are frequently small, rounded 
forms of greenish material, mostly augite and hornblende, in the rock. Near the base of the point there appear 
on weathered surfaces rough, angular or rounded forms of rock, apparently similar to the matrix, but less decayed. 
It would seem, perhaps, that here there has been some brecciation of the porphyritic granite. Sections from 
specimens collected here can thus be interpreted, although the rock approaches macroscopically some of the 
graywackes of the vicinity. 

On the northwest end of the little point in S. W. 14 N. W. 14 sec. 31, T. 65 6 (south side of the lake), there 
is a dark, medium-grained diabase. And on the northeast corner of this point is a low outcrop of a fine-grained, 
gray, apparently holocrystalline, rock. The groundmass is grayish, and in it are small, black needles of horn- 
blende and a few scattered, rather irregularly outlined feldspar individuals. There are also a few rounded 
pebble-like forms, of all sizes up to two inches in diameter, scattered through the rock. Some of these pebbles 
are seen to be sub-angular. but most of them are rounded. They seem to be scattered irregularly through the 
rock and lie in no detinite planes or layers; there is nothing in the rock to show any sedimentary lamination or 
bedding; it appears “perfectly massive. Thig rock is seen in several outcrops in the N. E. 34 S. W. 14 sec. 31, T. 
Go 6, and the shore is here usually lined with fragments of it. In the eastern part of this one-sixteenth section 
is quite an extensive exposure a short distance back from the shore. Here the pebbles, which have been steadily 
increasing in abundance eastward from the tirst mentioned outcrop, are very numerous. It would be almost 
impossible to find any surface a foot square in the rock at this place which would not contain one or more pebbles, 
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and many areas of this size would include as many as twenty. The rock is here represented by No. 594G and 
pebbles from it by No. 594aG. This rock extends along the shore in a few outcrops nearly to the east line of 
section 31. The pebble-like forms grow less abundant on going eastward and the rock is more coarsely crystal- 
line (No. 595G). The noticeable features of this rock are its sharply outlined, rounded and sub-angular pebbles, and 
the few scattering, white, porphyritic feldspars sometimes a quarter of an inch in length. No bedding or any 
definite arrangement of the pebbles can be seen, and the exact nature of the rock is not clear. 

About 150 yards south from the base of the little point mentioned in the last paragraph is an exposure of 
the porphyritic granite, which here contains larger porphyritic feldspars than elsewhere. On the west this 
rock is in contact with the ordinary granite. The relative ages of the two rocks are not clearly shown by one 
cutting the other, but from the fact that the porphyry is distinctly finer-grained at the contact than away from 
it the latter rock is considered the younger. 

On the south shore of the lake at and west of the west line of range 6 are exposures of a coarse conglomerate 
underlain by porphyritic granite. Conglomerate also appears on the south sille of Stacy island, which is the 
island nearest the south shore in N. 14S. W. 14 sec. 36, T. 65-7. From this island west and south to the extreme 
southern corner of the lake the granite occurs, except near the head of the little bay in N. KE. 44 N. W. 14 sec. I], 
T. 64-7, where the green biotite rock is seen. This same rock also occurs on the portage south to River lake. 

An island in the N. W. 14 N. W. 14 sec. 2, T. 64-7, is composed largely of granite (No. 575G). It is in 
contact with a green rock (No. 574G) which shows many biotite scales. This latter rock is made up of large 
areas of feldspar in which are imbedded biotite and augite; it has been referred to as the poikilitic phase of the 
granite,* but the relations are such as to indicate rather that it is a condition of the green schist of the region, 
cut by the granite and entirely recrystallized. 

Mount Northrop. This hill lies in sec. 2, T. 64-6, and was visited from Gabimichigama lake by Prof. N. 
H. Winchell, whose notes are as follows: 

From a camp which we made on the west shore of Gabimichigama lake, just south and east of the high 
hill that rises from the lake shore, an ascent of this hill was made, and the rock was carefully examined at 
numerous places, and samples were taken at ten places (No. 1367), intended to show the average character. At 
the shore south of the hill (in the southwest bay, already noted) is a coarse, though greenish, conglomerate or 
grit. The same rock is found near the foot of the hill, and at intervals all the way to near the summit, but it 
becomes finer and finer, and cannot be distinguished in some cases from some of the finer beds of the Animikie. 
The whole aspect of the hill in its form, the strike of the main rock outcrops, the confused mingling of structure 
and texture, is that of an eruptive rock, whether from deep source or not. The color is dark, and at first glance 
it might be taken for a greenstone eruptive. These eruptive features are more pronounced near the top. Still, it 
is of a light green color, and scarcely a sample can be obtained which does not show some free rounded grains 

of silica. The whole rock appears somewhat siliceous. Some of it is dark blue, and fine-grained as argillyte. 
There are occasional rusty or irony patches, like the rusty patches seen in the Animikie at Gunflint lake. There 
are siliceous seams of the same color as the body of the rock, but much harder and finer, which on the 
weathered surface give a ridged reticulation like that which was photographed at the west end of Kekequabic 
lake last year (figure 3, plate KK). Reéxamining all the specimens, and comparing all the facts, I am convinced 
this hill is made up mainly of modified beds, but that they have been in almost a plastic slate, and probably 
toward the summit were mingled with a truly eruptive greenstone without free silica, and without traces of 
sedimentary structure and composition. 

Ten samples (No. 1367) are intended to show the above mentioned sedimentary characters, taken from the 
southern slope in ascending. 
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FIG. 75. DIAGRAM OF A SUPERPOSITION OF ROCKS AT THE MOUTH OF OGISHKE MUNCIE CREEK. 


1—An overflowing rock, having the jointage, action and aspect of an eruptive rock (No. 1073). ; 

2—Irregular stratum of the same, holding fragments of fissile. closely jointed slate which is thin and black, and crumbles in 
the slope, of which No. t074is a sample. Rock No. 1075 shows the contact of these two rocks, and the consequent blending of char 
acters. b 

8—Fissile black slate, closely jointed, separated into thick beds, the upper and lower sides of which undulate, the general dip 
appearing to be southeast, but so faulted and twisted that it cannot be determined. The whole slate exposed is about fifteen feet, 
and the overlying rock rises about ten feet higher at the place of the diagram, but it spreads generally over the surface at some 
little distance back from the shore. It also extends westward, across the creek, and then spreads about over a distance of some 
rods, making some little hillocks. The slates underlying are highly changed, or brecciated, and uniformly converted to 4 very 
closely jointed or fissile, fine (cherty) rock. 


* Twenty-first Annual Report, p. 0. . 
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Three samples (No. 1368) show the nature of the summit, being a more homogeneous, darker, medium- 
grained, green rock, without very evident free quartz. 

South of Ogishke Muncie lake. An ascent was made from the mouth of the creek in N. E. 448. W. 4 see. 
26, T. 65-6, to the hill which lies in the N. 1, sec. 35, T. 65-6. The observations taken here are so important, in 
that they seem to indicate an unconformity between the two parts of the Keewatin, that the notes and figures, 
as published by the state geologist,* are reproduced here. The rock (No. 1073) of figure 75 is not an eruptive rock, 
but is a clastic, probably representing the base of a series of rocks unconformable on the underlying black slate. 

At the mouth of the stream which enters Ogishke Muncie lake from the south was taken the foregoing 
diagram (figure 75). 

In going upward from here to the hills in sec. 35, T. 65-6, on the west side of the creek, the following facts 
were noted: (1) The sedimentary slates and quartzytes are broken, and dip in various, but nearly vertical, 
directions. (2) The sedimentary beds become porphyritic with feldspar crystals, and apparently with some quartz 
crystals. (3) They acquire a fluidal bedding, seamed and veined by quartz. (4) They strike N. 20° W., N.,N. 
28° W., N. 20° E., and generally dip east or southeast, or south, toward the mountain, but their strikeon weathered 
surfaces is often contorted, like the graywacke at Tower, and fragments are mixed with other kinds of beds, the 
beds apparently bending round them. (5) So far as observed they are always full of free quartz grains, even in 
their apparently igneous outward aspects. The weathered surface is light-gray,or graywacke-like. (6) Further 
up, at three-fourths of a mile from the lake, the strike is W. 25° N., and the dip is 80° to 85° toward the south- 
west. (7) At the distance of nearly a mile from the lake, at 145 feet above it, the change illustrated by the ‘ 
accompanying diagram (figure 76) takes place. Here the sedimentaries dip north at an angle of 50° from the 
horizon, 40° E., lying on the greenstone illustrated by sample No. 1076. On the top of this hill are scattered 
boulders of Saganaga granite, etc. 
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FIG. 76. SHOWING THE POSITION OF THE SLATES AND QUARTZYTES RELATIVE TO THE 
GREENSTONE ON SEC. 35, T. 65-6. 


I—Greenstone, apparently forming the mountain to the south (rock No. 1076), at 145 feet above Ogishke Muncie lake. This 
rock is tough, massive, and coarsely jointed. 

2—Pebbly greenstone, three ta five feet (rock No. 1077). On the surface the line of contact, which, facing north, is glaci- 
ated, shows very distinctly, and the pebbles seem to be all of greenstone, or at least of some greenish rock, some of them quite 
fine-grained. The line of contact is shown by the above figure. 

3—Hard, fine-grained, almost cherty, but black, beds of slate in distinct sedimentary arrangement. 

4—Broken and contorted graywacke and slaty bed, seen about ten feet. 
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FIG. 77. PLAN OF THE BURFACE SHOWING THE LINE OF CONTACT AT FIGURE ‘6. 


This superposition is believed to be accidental, and one of the local over-turn dips that accompanied the 
upheaval) of the formation. The numerous other observations already given on the direction of dip of the 
quartzyte and slate series.in this mountain show the frequent changes of direction to which it is liable. The 


* Fiftcenth Annual Report, pp. 872-374. 
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correct stratigraphic sequence will require the quartzyte and slate rocks below the gabbro—if not below this 
greenstone. : 

We ascended only to a spur of the main hill, rather lying between the two hills that are in section 35, 260 
feet above the lake. The hill which lies about half a mile further south seems to rise about a hundred feet 
higher, or 350 feet above Opishke Muncie lake. The same rock as No. 1076 continues to and forms that hill, as 
ascertained in 1879. 

East Twin peak. The following notes on an ascent to this hill are from the sixteenth annual report, pages 
99, 100: 

From this point (west end of Ogishke Muncie lake, S. W. 14 sec. 27, T. 65-6) an ascent was made, by Mr. 
F. N. Stacy, of East Twin mountain, and he reported substantially the following results. The position of the 
mountain was ascertained from magnetic observations on a common compass needle, as follows: 

The north side of Little Saganaga lake is E. 10° S. (mag.) 

Camper's island is N. 20° E. (mag.) 

Lake Saganaga (a broad expanse of water) is N. 15° E. (mag.) 

The mountain which lies at the west side of lake Gabimichigama (rocks Nos. 1367 and 1368), which is near 
the centre of sec. 1, T. 64 6, is about due east (mag.) . | 

These directions place East Twin mountain not far from the centre of sec. 4, T. 64-6, nearly a mile further 
south, and half a mile further west than was represented on the geological map accompanying the fifteenth report. 

The summit of the mountain is made of the rock No. 1386, a coarse hornblendic greenstone, resembling 
rock No. 759 (tenth report, paye 97). 

Near the top, but on the body of the hill, on the north side, was seen a finer greenstone (No. 1387); but 
further down (still on the north side), near the bottom of the hill, it is a coarser rock (No. 1388) of the same kind 
as No. 1387, but not so gabbro-like as No. 1386; but at the bottom of the hill are found both coarse and fine (No. 
1389), the coarse being identical with No. 1386. 

According to the observation made by Mr. Stacy this hill is set off abruptly, both topographically and litho- 
logically, from the following, by a ravine, or series of irregular, branching valleys. The hill rises about 350 feet 
above this ravine. The rocks that constitute the lower hills on the north side of this ravine are in the main an 
ambiguous greenstone (No. 1300), and seem to be closely associated, perhaps blended into, the prevailing sedi- 
mentary rocks that are seen about the southwestern shores of Ogishke Muncie lake. These sedimentaries 
consist of siliceous slate, conglomerate, ete. This lower hill range hides the Twin mountains from sight, frem 
Ogishke Muncie lake, except at the northeast end of the lake, and seems to be a connecting line between the 
Twin mountains and the hills immediately west of Gabimichigama lake. It lies not far north of the Twin peaks. 
Indeed, Mr. Stacy represents that the peaks are simply higher parts of a general hill range, cut off by ravines from 
the rest of the range, and that, in general, the fragmental rocks cease before reaching the ravine mentioned. 

Rocks Nos. 1391, 13802, 1393, 1394 and 1395 represent the broken sedimentary rocks intervening between 
the peaks and Ogishke Muncie lake. No. 1393 represents several small hills, or bill ranges, a gritty greenstone, 
or modified sedimentary. No. 1394 is chalcedonic silica, and samples closely related, all enclosed in and banded 
together in No. 1393. These are in three small ridges, successively, but the samples are all from the same ridge. 
The chalcedonic silica seems to indicate the horizon of the Keewatin, and the iron ore here associated with it, 
although magnetite, does not preclude the parallelizing of this nearly with the horizon at Tower. No. 1595, 
which is a widely disseminated rock, is a greenish conglomeratic one, the same as seen in many places about 
Ogishke Muncie lake, a part also of the Keewatin, as already mentioned. It is filled with fragmental material, 
but takes the forms and basaltic habit of an eruptive. It seems to be made up largely, in some places, of broken 
masses of older strata, as well as of individual fragmental grains, the whole compacted together by a prevailing 
greenish, hornblendic matrix. 

West Twin peak. Starting from the head of the bay in N. W. 14 N. E. 14 sec. 32, T. 65-6, a trip was made 
from Kekequabie lake southeast to West Twin peak. A little over an eighth of a mile from the lake a ridge of 
slate and fine graywacke is crossed. The strike is N. 37° E., and the dip 90°. Beyond this are other outcrops of 
slate and graywacke, becoming coarser and darker colored. Half a mile from the lake is an old beaver dam, on 
the west shores of which the rock is a rather coarse grit withsome slaty bands. The strike is N. 30° to 40° E.,and 
the dip 65° to 70° south of this. One hundred and fifty yards farther east is another pond also surrounded by 
grits with some slate. On the northeast shore is a vertical cliff showing an apparent northeasterly strike and a 
vertical dip, although neither was determined certainly. Here some of the grit (No. 785G) contains small blood- 
red fragments, perhaps of jaspilyte. The cliff is cut by a dike, ten feet in width, of porphyritic granite quite 
similar to that of Kekequabic lake. On the south shore of this pond considerable black slate is seen. Less 
than a quarter of a mile southeast from the last pond is a small lake which jis thought to be the one crossed by 
the east line of sec. 32, T. 65-6, On an island in the eastern part of the lake the rock is hard, sometimes flinty, 
and sometimes conglomeratic (Nos. 1754 and 1755). 

From the southeast corner of this lake an ascent was made to the summit of West Twin peak. The rock 
passed over is  1n general greenstone, varying considerably in character (Nos. 1756 to 1761), being sometimes 
coarse and sometimes of tine grain, again plainly fragmental, and again of the nature of altered diabase. At the 
summit a diabase dike, ten feet wide, cuts through the country greenstone. The dike runs northwest and south- 
east, and is very fine-grained at its edges. 

South of Kekequabic lake in sec. 6, T. 64-6, A trip was made south from this lake to the summit of the 
hill in the N. 14 sec. 6, and from here southwest to the lake at the southwest corner of this section. At the shore 
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of Kekequabic lake, S. W. 14 N. E. 4 sec. 31, T. 65-6, the porphyritic rock which holds pebbie-like forms (already 
mentioned, pages 449, 450, of this report) occurs. These forms become less numerous, but no less sharply outlined, on 
going south from the lake, and the rock becomes more coarsely crystalline and holds more of the porphyritic 
white feldspars (No. 630G). No evidence of bedding was seen in this rock. Beyond this, and within fifty yards of 
the last exposure of this rock, there are outcrops of slate. This slate varies from a dark, almost black argillyte to 
one that is quite light-gray. The lamination of the slate was twisted in some places, but as a rule this coincided 
with the slaty cleavage. The dip and strike were taken in many places before reaching the top of the large 
hill, whose summit lies in the N. E. 14 sec. 6: the dip was vertical and the strike varied from N. 35° E. to N. 55° 
E. The slate was intimately interbedded with a dark-gray to greenish grit, but the lines between the two rocks 
were quite distinct. The bands of each varied from those a fourth of an inch across to those that were fifty feet 
or more in width. The vrit held angular fragments of the slate and bands of the slate that were abruptly cut 
off; there were also places*where bands of the slate were faulted and the grit existed between the faulted and 
broken ends of the slate bands. -This grit makes up about half of the exposures to the hill top, but no exposure 
was composed entirely of this or of the slate alone. No. 631G is the black slate; No. 632G, the grit; and No. 
633G shows, as well as a hand specimen can, the intimate interbanding of the two. Atthe top of the high hill 
the grit is coarser grained than usual, as is shown by No. 634G. The strike continues to be northeasterly until 
coming to near the centre of section 6, where it changes to N. 20° E., and a short distance farther south to direct 
north and south; the dip still remains vertical. This north and south strike continues to the pond which lies in 
N. E. 14S. W. 14 sec. 6. No. 635G shows another condition of the grit resembling graywacke from just north of 
this pond. In this there is seen indistinct lamination, but the other specimens of the rock do not show it; the 
rock (grit) elsewhere appears perfectly massive except for its interbanding with the slates. South of this pond 
the strike again swings round to northeast and the dip remains vertical. 

About a quarter of a mile south of this pond is an outcrop of a porphyritic rock which is probably the 
same as the granite porphyry of Kekequabic lake. About seventy-five feet of this rock was exposed, the slates 
occurring both north and south of it within less than 100 feet. The porphyry is No. 636G. The weathered 
surfaces of it show a rough schistose structure which runs N. 35° E. and stands vertical; however, this structure 
is not seen on freshly broken surfaces. The feldspar crystals are often arranged with their long axes parallel to 
the direction of the schistosity. The northeast strike of the slate and grit continues as far as they were seen, 
i. e. almost to the lake at the southwest corner of section 6. A short distance before reaching this lake the slate 
disappears, and the grit, similar to Nos. 632G and 635G, both of which facies here often show fine lamination on 
weathered surfaces, becomes in places conglomeratic and harder (No. 637G). The pebbles are mostly rounded, 
some few are subangular, and they are chiefly of slate and a reddish granite porphyry, a pebble of which is shown 
in the specimen collected. This conglomerate shows no signs of lamination or schistosity. A short distance 
further south, and almost at the lake shore, is a more crystalline conglomerate holding pebbles of the sameor - 
similar reddish granite porphyry, and also of a fine-grained red granite or syenyte which resembles the pyroxene 
granite already mentioned so often. This conglomerate is shown by No. 638G. In this rock, and also in No. 
637G, the pebbles varied from quite small ones up to those eight inches in diameter, but most of them were one 
to three inches across. In some places the pebbles were quite numerous, and in others there were but a few to 
be seen. Nodefinite arrangement of the pebbles in planes nor any elongation of them in one direction was seen. 

The eastern half of the north shore of this lake has some outcrops of conglomerate represented by No. 
638G. On the east shore of the lake there are no outcrops until coming about to'the south line of section 6, where 
a fine-grained condition of the gabbro (No. 639G) occurs, and a little farther south the ordinary gabbro is found. 

S. BE. 4 sec. 1, T. 64-7. The conglomerate mentioned above as occurring near the north shore of the lake 
at the southwestern corner of sec. 6, T. 64-6, also occurs farther west near the shore and extends into the S. E. 14 
sec. 1, T. 64-7. It is a tough, greenish, sometimes slaty rock, frequently entirely free from pebbles. The bedding 
cannot usually be seen, but the rock possesses a tine lamination, which in places where actual bedding was seen 
coincides in direction with it. The following dips and strikes refer to this lamination, which is possibly, though 
not certainly, coincident with the bedding. 

Around the north end of the bay, at the northwest corner of the lake, are several outcrops of the same 
greenish rock (No. 739G)'mentioned above, but here holding no pebbles. The lamination in these places strikes. 
N. 75° E., and stands vertical. On the west shore of the bay is another outcrop of this rock, striking N. 55° E.; 
the dip is vertical. The same rock is seen in several places Just west of the lake and one outcrop occurs at the 
extreme southwest corner of this lake. Here it is much metamorphosed, probably by the gabbro, and contains 
a few pebbles (No. 740G). 

North from this lake, about on the east line of section 1, the rock becomes less crystalline and sometimes 
alaty. One-fourth mile from the lake the rock (No. 743G) has lamination and slaty cleavage coincident; strike 
N. 85° E.; dip 85° toward the south. 

North of the extreme northwest corner of this lake the conglomerate is seen in several places not far from 
the shore. It is very hard and tough and the pebbles are not numerous, being sometimes lacking entirely. 
About one-eighth of a mile from the lake the strike is N. 70° E. and the dip 90°. The rock gradually becomes 
less crystalline on going north, and at one-fourth mile from the lake the strike is N. 40° KE. and the dip 90°. 
Here a dike of diabase two feet wide cuts the country rock in a direction about parallel with the strike. About 
200 feet north of this is an outcrop showing contact of the green slaty rock, which is the same rock as described 
above as conglomeratic, and the granite. The relations are shown by the accompanying plan of the surface 
(figure 78). The granite at the contact is of finer grain than away from this line. 
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North of this for a quarter of a mile are several exposures of the granite. In less than this distance east- 
ward from the last point the slaty rock occurs again, but just west of the last rock the granite is finer grained. 
The first exposure of the slaty rock seen here contained two irregular vein-like forms of a fine-grained rock, 
apparently part of the granite. Fifty feet east of this the slaty rock strikes N. 30° E. and stands vertical. A 
short distance towards the southwest another contact of this slaty rock and the granite is seen. 
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FIG. 78. CONTACT OF GRANITE AND GREENISH ARGILLYTE-LIKE ROCK. 
W.4 8. EB. 4 sec. 1, T. 64-7 W. 


Relations of the different parts of the Archean, ‘This subject cannot be discussed 
fully at this place, as our information on this point is not as complete as might be 
wished, and the general subject of the structural geology of northeastern Minnesota 
is to be considered elsewhere. But a few facts and preliminary conclusions, which 
seem to be the most probable, are here given. _ 

In the first place it may be stated that the granite of the district is separable 
into two phases,—a granitic and a porphyritic.—which are thought to be closely 
related as to origin and age, but the latter is at least slightly younger than the 
former. The granite is eruptive into some of the surrounding rocks. The granitic 
phase has been seen to cut the green slaty rock in the 8S. E. 4 sec. 1, T. 64-7. It also 
euts a rock which is regarded as part of the green schist formation on a small island 
in the N. W. 4 N. W. 4 sec. 2, T. 64-7; and some slaty rocks near the east edge of 
section 1 of the same township. The porphyritic granite cuts the dark argillytes at 
the small point on the north shore of Kekequabic lake in E. 4 S. W. 4 sec. 34, T. 65-7. 
It also seems to be intrusive into the green schists along the north side of the same 
lake in sec. 31, T. 65-6, and in places it cuts the normal (granitic) facies of the 
granite. Whether the granite is later than‘all the other rocks of the Archean is not 
known, but it seems quite probable that some of them, especially the conglomerate 
on the south side of Kekequabic lake at its narrowest part, are of later date than the 
granite. This view seems probable, because (1) The conglomerate is not known to 
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be cut by the granite—although the former is not known to be unconformable upon the 
latter; (2) The conglomerate contains pebbles whieh can be referred to rocks which are 
older than the granite, and some that may perhaps be referred to the granite itself. 

The green schists, the volcanic tuffs, the grits in the N.4 sec. 6, T. 65-6, and 
possibly some of the slaty rocks appear to pass conformably into each other. Assum- 
ing that there was but one period of volcanic activity in the immediate vicinity of 
Kekequabic lake, the three rocks above mentioned, which are made up largely or in 
part of fragmental volcanic material, can be regarded as of the sameage. The horn- 
blende porphyryte which exists around the southwest end of Epsilon lake, less than 
half a mile north of the east end of Kekequabiec lake, is thought to represent part of 
the same magma which furnished the fragmental volcanic material of the rocks just 
mentioned. 

Elsewhere in northeastern Minnesota it has been ascertained that the rocks to 
which the name Keewatin has been applied are divisible into two unconformable series, 
the upper of which has developed at its base, at least in places, a marked conglomerate. 
That this division is possible in the area of the Fraser Lake plate seems probable, 
and the conglomerate seen on the south shore of Kekequabic lake at its narrowest 
part may be referred provisionally to the upper division, or Upper Keewatin. 
Whether other rocks within the area of this plate belong to this division is not 
determined, but it would seem that the green schists, the tuffs, the grits and some, 
at least, of the slaty rocks belong to the lower division, or Lower Keewatin. At 
Kekequabic lake no actual unconformity has been discovered, but it is inferred. 
However, from the notes and figures presented on pages 450 and 451, of this chapter, 
we can state that an unconformity exists south of Ogishke Muncie lake in sec. 35, T. 
65-6. Here the rocks below the unconformity would be called Lower Keewatin. 

In this connection it might be well to consider the possibility of another division 
of the rocks referred to the Keewatin. The basement on which the Lower Keewatin 
was laid down has not been recognized in northeastern Minnesota. Itis thus probable 
that another unconformity—. e., one at the base of the Lower Keewatin—exists in 
this region. As to what rocks belong below this unconformity we cannot state with 
certainty, but it would seem that the greenstones of mount N orthrop and the Twin 
peaks may belong below the Lower Keewatin;* at least from our present knowledge 
of this district it can be stated that these greenstones belong below the Upper 
Keewatin and appear to be the oldest rocks of the region. 

Thus what appears to be the probable, but by no means the demonstrated, suc- 
cession of the Archean in the Fraser Lake plate may be stated as follows: The old- 
est rocks are the greenstones of Twin peaks; above these, perhaps unconformably, 


* As used elsewhere in this report the Lower Keewatin includes the oldest greenstones, which are supposed to represent 
the primeval crust of the earth. 
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come the Lower Keewatin rocks. After the deposition of these rocks came a period 
of folding and granitic intrusion, aad later another unconformable series—the Upper 
Keewatin---which has also been folded. 

The Animikic.*® Within the area of the Fraser Lake plate are a few masses of 
iron-bearing rock intimately connected with and usually surrounded by the gabbro. 
This iron-bearing rock is distinctly banded, the bands being from less than a quarter 
of an inch to several inches in thickness and usually quite sharply defined. The 
minerals composing the rock are quartz, magnetite, pyroxene, olivine, amphibole 
and more rarely feldspar. Frequently layers of almost pure magnetite, or of vitre- 
ous, coarsely crystallized quartzyte, occur, and’ many of the layers are composed 
almost entirely of but two, and sometimes of but one, of the above mentioned min- 
erals. These minerals are usually rather coarsely crystallized, giving the rock a 
granitic texture, and sometimes the pyroxene or amphibole is in large plates inclos- 
ing smaller grains of the other constituents. In places the bands of magnetite are 
abundant and of several inches or a foot or more in thickness, and the rock forms an 
iron ore. These rocks are the same in lithological character as the iron-bearing 
rocks which are developed so characteristically in the next plate to the east (Akeley 
Lake plate). The areas of these rocks in the Fraser Lake plate are small, and, with 
the,exception of the Gabimichigama lake occurrence, are surrounded at the surface 
by the gabbro. These iron-bearing rocks are regarded as belonging to the taconyte 
or iron-bearing member of the Animikie. They may be considered as parts of this 
formation torn from their original position by, and included in, the gabbro, or ax the 
Animikie still in place projecting throngh the gabbro mass. The area of these rocks 
at Gabimichigama lake certainly seems to be in place, resting on the old Keewatin 
rocks and intruded and overlain by the gabbro. 

Four localities are known where these iron-bearing rocks occur in the area of 
the Fraser Lake plate. These are: (1) Northwest corner of Thomas take; (2) North 
side of Fraser lake; (3) Sec. 20, T. 64-6; (4) South side of Gabimichigama lake. Other 
localities may be found on farther search, especially in the northern half of T. 64-6. 
At each of the places here mentioned the Animikie rocks are quite coarsely crystal- 
lized and are associated with masses of pyroxene and hornblende, which minerals 
are sometimes in plates an inch or more across. A fine-grained or granulitic gabbro 
is also sometimes seen near the iron-bearing rock, especially at the Fraser Lake locality. 


Thomas lake. Here the iron-bearing rock occurs near the shore in the N. E. \4 sec. 29, T. 64-7, about half 
way between the meander corner of the east line of this section and the outlet of the lake. Many fragments of 
the rock are seen, but only a small amount in place. From the limited amount exposed the dip appears to be 
about 10° towards the east. 

. Fraser lake. The Animikie occurs near the shore at the south side of S. E. 14 8S. W. 1 sec. 14, T. 64-7, and 
at places a quarter of a mile east of this place. Here is considerable iron ore, some of which is not markedly 
magnetic and it may be part of the titaniferous ore of the gabbro, but other parts certainly belong with the 


* See foot note on page 431. 


THE FRASER LAKE PLATE. 457 


The Keweenawan. The gabbro.] 


‘Animikie. A few years ago some mining for gold was carried on at this place in the iron ore. It is needless to 


state that the venture was unsuccessful. 

See. 20, T. 64-6. On a portage, which runs northwest from the most northerly arm of the lake in this 
section to a small lake in N. 15 N. W. 14 of the same section, is an outcrop of the iron-bearing rock in the gabbro 
only a few rods from the small lake. The rock is composed mostly of interbanded quartzyte and magnetite. 
The strike is approximately east and west, and the dip is 50° towards the south. A section north and south 
through this place is shown in the accompanying cut (figure 79). The gabbro is of medium grain, is some- 
what decayed, and is not interbedded with the other rock, the two being sharply separated. The gabbro 
holds a few pieces of the iron-bearing rock and does not appear finer-grained at the contact with the main mass 
of the Animikie. The exposure of iron-bearing rock is less than twenty feet wide, and it extends along the strike 
for some thirty feet. Just east of the portage trail, and in the strike of this outcrop, is a low ridge where the 
Animikie rock is exposed for a distance of over 100 feet along the strike, and about thirty feet across the strike. 
The dip is the same as at the first outcrop. Specimen No. 753G represents the iron-bearing rock from this 
locality, and No. 754G, the gabbro. 
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FIG. 79. SECTION NORTH AND SOUTH THROUGH AN OUTCROP OF ANIMIKIE IRON-BEARING 
ROCK IN SEC. 20, T. 64-6 W. 
Vertical and horizontal scale approximately the same. 


Gabimichigama lake. The Animikie outcrops over a small area along the south shore of the lake at the 
east side of sec. 1, T. 64-6, and extends southwest, again coming to the shore in the S. W. 14 S. E. 14 of the same 
section. (For the outline of this area of Animikie, see the sketch map of Gabimichigama lake in the chapter on 
the Akeley Lake plate.) The iron-bearing rock dips 20° to 60° towards the east, and in places even towards the 
northeast. It has on its northwest side a part of the underlying Keewatin, entirely recrystallized. The Animikie 
rocks here occur between the Keewatin and the gabbro in a position similar to that which they occupy a few 
miles to the eastward. 


The Keweenawan, Rocks of the Cabotian division of the Keweenawan occupy 
practically all the area of the Fraser Lake plate, excepta belt about two miles in 
width along the northern side of the plate. These rocks include gabbro, fine-grained 
gabbro and granite, the tirst occupying more than nine-tenths of the Keweenawan 
area and the two others occurring only in very limited extent. They are all post- 
Animikie in age and igneous in origin. Moreover, as exposed in this plate, none of 
them show evidence of having solidified near the surface of the earth, but they are 
completely crystallized, granitic in structure and evidently solidified at some distance 
below the surface. 

(1). The gabbro. This rock reaches an extensive development in northeastern 
Minnesota, and, as found in the Fraser Lake plate, possesses essentially the same 
characters as elsewhere, so a detailed description will not be necessary here. In 
general, the gabbro is a coarse-grained rock,.composed of feldspar (usually near labra- 
dorite), pyroxene (diallage), olivine and titaniferous magnetite. The main mass of 
the rock consists largely of labradorite, with small amounts of pyroxene and less of 
magnetite, and frequently no olivine. In places, especially in the vicinity of Little 
Saganaga lake, the gabbro is composed essentially of labradorite and thus forms an 
anorthosyte. At such places it is coarser grained than customary. At times small 


458 THE GEOLOGY OF MINNESOTA. _ 

{Fine-grained gabbro. Granite. 
areas of the gabbro or the fine-grained gabbros are found, which are quite rich in 
titaniferous magnetite. Such an area occurs at Thomas lake, in the 8. E. 458, W.4 
sec. 32, T. 64-7. As has already been mentioned, some of the iron ore on Fraser lake 
may also be of this character. The grain of the gabbro near the northern edge of its ' 
mass is somewhat finer than at a distance from this limit. 

The gabbro, as before mentioned, overlies and surrounds, at least at the surface, 
the Animikie rocks, and it also hes on the Keewatin rocks along the length of its 
northern border in the area of this plate. When in contact with these older rocks 
it has profoundly altered them and they are now more or less completely recrys- 
tallized. All the Animikie rocks in the area of this plate have been completely 
recrystallized by the sabbro, and the Keewatin rocks, for a distance of several rods, 
and sometimes for halfa mile from the present surface outcrop of the gabbro, are 
more or less changed and recrystallized. (iood examples of this are seen along the 
north shore of the lake at the southwest corner of sec. 6, T. 64-6, and also around 
(iabimichigama lake.* | 

(2). Fine-grained gabbro, Associated with the main mass of the gabbro, 
especially in T. 64-7, are small areas of finer-grained or granulitie gabbros to which 
the name “ muscovado” has sometimes been applied in the reports of this survey. 
These rock are composed essentially of a basic plagioclase feldspar and pyroxene, 
which is sometimes diallage and sometimes hypersthene. The relations of these 
rocks to the main gabbro mass are not clearly known within the area of this plate, 
but are probably the same as to the eastward (Akeley Lake plate), where the fine- 
grained gabbros are of a somewhat earlier date than the main mass of the gabbro 
itself.t 

Some exposures of these rocks are found as follows: On the north side of the 
little bay in the centre of the S. KE. 4 N. W. { see. 27, T. 64-7, Thomas lake, is a bluff 
forty feet high, of fine-grained gabbro with porphyritic feldspar erystals (No. 270). 
South end of small island near southeast corner of S. W. 4 sec. 32, T. 64-7, Thomas 
lake (No. 735G). Also on the main shore near the same locality (No. 299W). 

(3). Granite. The Keweenawan granites are not well developed in the Fraser 
Lake plate; in fact they occur only in small amount and then as dikes in the gabbro. 
Such dikes are seen around lake Polly and especially along the river in the N. 4 see. 
34, T. 63-6, just to the east of that lake. A few miles to the south of this locality. 
in T. 62-6, the granite appears in large Volume, and the dikes above mentioned may 
_ be regarded as offshoots from this large granite mass. The dikes are not noticeably 
finer-grained at the edges than in the centres, indicating that they were intruded 
while the gabbro was still highly heated. 


— 


*See the section on the gabbro contact rucks below, and the sketch map of Gabimichigama lake in the chapter on the 
Akeley Lake plate. 
+See discussion of these rocks in chapter xxiv. 
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In following up the river just mentioned from lake Polly to a smaller lake in sec. 2, T. 62-6, the usual 
gabbro of the region is seen in several places. It is quite coarse-grained and is cut by many vein-like forms of 
red granite. These are of all sizes from half an inch to ten feet in width, and they run in every direction through 
the gabbro. No. 755G, taken from the west end of the second portage from lake Polly, probably in the S. W. 14 
N. E. 14 sec. 34, T. 63-6, fairly represents this granite, although it varies considerably in grain, but not so from 
centre to side of dike. This specimen is a rather fine-grained pinkish granite with glistening black mica scales; 
under the microscope it is seen to be composed essentially of quartz, orthoclase, biotite and some acid plagio- 
clase. A short distance east of this portage the granite dikes become so numerous that they make up one-third 
of the rock at any outcrop. Further southeast along this river the dikes are less numerous, but are still 
occasionally seen in the gabbro all the way to the smaller lake in sec. 2, T. 62-6. 


(4). Gabbro contact rocks. In T. 64-7 W. there is shown on the geological map 
(plate SO) a belt of rocks, between the gabbro on the south and the Archean on the 
north, which are called gabbro contact rocks. As already stated the gabbro has 
altered the Archean rocks with which it has come in contact, and in T. 64-6 and the 
eastern part of T. 64-7, we have been able to separate these altered rocks from the 
yvabbro itself. But in the belt indicated as gabbro contact rocks the field evidence 
is not complete enough, and the study of the rocks in the laboratory has not 
progressed far enough to enable us to refer all the rocks of this belt positively to the 
Archean or to the Keweenawan. These rocks vary considerably in general appearance 
and grain, but usually are rather fine-yrained, dark rocks which possess two features 
incommon. The first is the presence of numerous scales of biotite, and the second 
is the peculiar yellow, granular appearance of the weathered specimens, which gave 
rise to the term “ muscovado,” a term applied to some of these rocks in the earlier 
reports of this survey, and continued under the form muscovadyte. 

The gabbro contact rocks are frequently somewhat schistose, often twisted and 
broken, and sometimes seem to hold fragments, which, however, are not sharply out- 
lined, of other rocks. Very commonly small, dark veins, composed largely of biotite, 
cross these rocks. In thin section they are seen to be composed of biotite, feldspar, 
quartz, pyroxene (frequently orthorhombic) and hornblende. Usually the last two 
minerals and the biotite occur in large plates, inclosing numerous smaller grains of 
feldspar or quartz, or of both. 

It is probable that future study will show that the gabbro contact rocks 
may be referred in part to one, and in part to another, of the three following groups: 
(1) Fine-grained or granulitic gabbros; (2) Fine-grained peripheral facies of the 
gabbro proper, which facies are quite ‘probably the same as the first; (3) Portions of 
the underlying Keewatin altered by the gabbro.* 

(5). Diabase dikes. Cutting the rocks already described, are a few dikes of 
diabase, most of which are not more than twenty feet in width. These dikes are 
of ordinary diabase, and are usually rather fresh. Invariably the sides of the 
dikes are very much finer-grained than the centres, thus showing that when the 


*See remarks on these rocks in chapter xxiv. 
31 


460 THE GEOLOGY OF MINNESOTA. 
(Resources. 


dikes were intruded, the surrounding rocks were not highly heated. In general, 
the dikes fill vertical fissures and strike approximately north and south. In age, 
the dikes are regarded as Keweenawan. They have all been intruded since the 
folding of the Keewatin rocks, and two dikes at least are later than the gabbro. 
The dikes are so uniform in character that it will not be necessary to describe 
individual occurrences. The locations of the most promiment ones are shown on 


the map (plate 30). 
ECONOMIC RESOURCES. 


Merchantable pine exists in many places in the Fraser Lake plate, but large 
parts of the district are covered by small second-growth timber. Spruce and poplar 
for pulp in paper-making are common. | At present the timber cannot be profitably 
transported to saw mills, but would be economically important should a railroad 
reach this district. 

In mineral resources iron is the most promising feature, but sufficient amounts 
of this are not known to warrant mining. It is unlikely that the iron ores of the 
Animikie in this plate can ever be profitably mined; and the same can be said of 
what little titaniferous ore is known to occur in the gabbro. It is possible that iron 
ores will be found in the Keewatin rocks, but none are yet known. A small amount 
of jaspilyte occurs on the south side, near the east end, of Pickle lake, and jaspilyte 
pebbles are not uncommon in the Ogishke Muncie conglomerate. The rock from 
which these pebbles were derived is not known, but probably occurs in the imme- 
diate neighborhood of the conglomerates. Nickel ore may also be found in connee- 
tion with gabbro, but none is known at present. 


GEOLOGICAL MAP. 


The contour lines were obtained largely from rough sketching from lakes and 
hills, and the levels of most of the lakes are known from one or more series of 
barometer readings. The altitudes of a few lakes are known from leveling. Where 
the contour lines are lacking we know almost nothing of the details of the topography. 
The outlines of the different rock formations are located fairly correctly in the 
vicinity of Kekequabic and Gabimichigama lakes. The northern limit of the gabbro 
in the interior of T. 64-6 is not definitely known. Southwest from Kekequabic lake 
the geological boundaries are only approximate. No attempt is made to indicate the 
areas of Keweenawan granite and fine-grained gabbros, but the whole Keweenawan 
area is mapped as gabbro. Although there are two, and possibly three, unconform- 
able rock series in what is mapped as Keewatin, still our present knowledge will not 
enable us to indicate, even with approximate correctness, the areas occupied by 
each series. | 
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ROCK SAMPLES, 


The following rock samples have been collected within the area of the Fraser 


lake plate: 


N. H. Winchell’s series: Nos. 755-765; 1040-1061B; 1094; 1096: 1098-1106; 1361-1368; 1386-1395; 1400- 
1427; 1752-1767; 1771. 

A. Winchell’s series: Nos. 298-308: 313; 349-357; 363B-382. 

H. V. Winchell’s series: Nos. 66; 458A; 461. 

U. S. Grant’s series: Nos. 85-97; 245-277; 540-620; 621A-639; 735-755; 764-772; 774; 776-787; 810-846; 
850; 853-8544. 


CHAPTER XXIV. 


THE GEOLOGY OF THE AKELEY LAKE PLATE.* 


By U. 8S. GRANT. 


Situation and area, The Akeley Lake plate is situated in the northwestern 
corner of Cook county and its northeastern corner borders on Canadian territory. 
On the west is the Fraser Lake plate (No. 80), and on the east the Gunflint Lake 
plate (No. 82). The Akeley Lake plate includes all of Ts. 64-4, 64-5, 65-4 and 63-5 
W. About'one and a half square miles at the northeast corner of T. 65-4 W. belong 
to Ontario, The area of the plate, inclusive of water surface, is then about 1425 


square miles. . 
SURFACE FEATURES, 


Topography. In this plate there are, asin the Fraser Lake plate, two rather 
distinct types of surface, although here they differ less markedly than in the Fraser 
Lake plate. The first type of surface is that underlain by the gabbro, practically 
the southern half of the plate; but here the surface is much rougher than the gabbro 
surface to the west; in fact in the gabbro area there are some quite marked elevations. 
The second type of surface is underlain by rocks of Archean age and contains 
one prominent hill range, the Giant’s range. This is a hilly tract, a mile or more in 
width, which enters this plate on the east at Magnetic lake and runs westward, 
keeping just to the north of Akeley lake and passing out of the plate just to the 
north of Gabimichigama lake. In secs. 13 and 14, T. 65 4 W., west of magnetic 
lake, the highest land is formed of granite; here an altitude of more than 1,950 feet 
(over 400 feet above Gunflint lake) is reached. To the west and southwest the higher 


*The area included in this plate has been examined at various times by different parties of the survey, and a considerable 
part of the field notes have been published. The individuals who did the work, the dates of the work, and the places of publication 
are as follows: N.H. WINCHELE, field work of 1878, Ninth Annual Report, pp. 88, 84; field work of 1879, Tenth Annual Report, 
pp. 83-00, 93, 99; fleld work of 1886, Fifleenth Annual Report, pp. 372, 378-381; fleld work of L887, Sizteenth Annual Report, pp. THN, 
OS: fleld work of 182, not published; field work of 1803, not published: fleld work of 1896, Twenty-fourth Annual Report. A. 
WINCHELL, fleld work of 1885, Fifteenth Annual Report, pp. Wl, 2; fleld work of L887, Sirteenth Annual Report, pp. 20-28, the 
247, 268-270, 2-200, 306-315. HH. V. WINCHELL, field work of 1888, Seventeenth Annual Report, pp. 10-11 UL 8. GRANT, field work 
Of 188K, Seventeenth Annual Report, pp. 151, 152, 160, 161; field work of 1891, Twenticth Annual Report, pp. 83-88; field work of Ist 
and 183, published in part in Tieenty-second Annual Report, pp. 67, 68, and Twenty-fourth Annual Report, 

The writer at various times, in 18M, 1892 and 1893, visited practically all (except parts of the N. W. 14 T. 65-5 W.) of the area 
of this plate examined by former parties of the survey, and he also examined considerable areas not seen by them. The shores 
of nearly all the lakes have been examined in detail and in some places the north and south section lines have been followed. In 
the vicinity of the Animikie iron-bearing ro*ks, mapping has been done more carefully than elsewhere. Where these rocks ontcrop, 
each section has been crossed, from north to south, at least once and frequently three or more times. In this work, a large amoud! 
of data has been collected, but the time allowed for the preparation of this chapter does not permit of a full presentation uf the 
variousdetails. In fact, this chapter is to be considered only as a general preliminary description of the geology of this area, 10 
which area centre several important points in the geology of northeastern Minnesota. 
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Drainage.) 


land passes into the greenstone area, and here (north line of sec. 28, T. 65-4) is the 
highest point in the plate, 2,038 feet above the sea, as determined by leveling. 

To the north of the Giant's range the land slopes northward and in the two 
northern tiers of sections in this plate the surface is quite flat and featureless. 
This flat country is underlain by granite and in this respect is similar to the flat 
gabbro country in the Fraser Lake plate, being a district which is underlain by a 
massive rock everywhere similar in resistance to destructive forces. 

In the eastern part of T. 65-4 is a third type of surface, that conditioned by 
the Animikie rocks and their sills of diabase. This is a district of marked relief, 
one of whose hills (centre of sec. 24) rises to an altitude of 1,870 feet, while 
another (northwest corner of section 26) was found by leveling to be 1,875 feet 
above the sea. The topography peculiar to the Animikie area is developed char- 
acteristically to the east of the district here described in the Gunflint Lake, Rove 
Lake and Mountain Lake plates, and will be mentioned more in detail in the 
description of the first of these plates (chapter xxv). This type of topography is 
not typically developed in the Akeley Lake plate. 

The lowest lake level in this area, Red Rock lake, which touches the northern 
edge of the plate, is about 1,435 feet above sea level. The highest land (2,038 feet) 
ts the greenstone hill already mentioned on the north line of sec. 28, T. 65-4. This 
makes a difference of over 600 feet between the extremes of elevation in this plate. 

Drainage. The Akeley Lake plate hes in the drainage basin of Hudson bay. 
The southern part of the plate drains northward, and the southern slope of the 
Giant’s range drains southward. The waters from these two sources unite and part. 
is conducted by Cross river into Gunflint lake, and thence, through a depression in 
the Giant’s range at the eastern edge of T. 65-4, to Saganaga lake, which lies just to 
the north of this plate, The remainder of the drainage south of the Giant’s range 
passes through Gabimichigama lake, thence to Ogishke Muncie and Frog Rock lakes, 
and through West Sea Gull and Sea Gull lakes to Saganaga lake. 


The stream which flows from Gunflint lake to Saganaga lake forms the international boundary. It 
traverses a region underlain by granite, which, on account of lack of soil, and recent fires, presents a most desolate 
appearance. The yvranite bluifs are breaking down under the action of frost, and the forest, where such still 
exists, seems to spring from the bare rock. Figure 3, of plate MM, shows one of these shattered granite bluffs, 
and the accompanying forest, and figure 2 of the same plate shows one of the rapids on this stream. Another 
rapids or fallsin this stream is shown in figure 2 of plate PP,in the chapter on the Pigeon Point plate. 

The rapids at the outlet of Frog Rock lake, on the second of the lines of drainage, mentioned above, are 
shown in figure 1 of plate MM. 

A feature of interest along the stream connecting Gunflint and Saganaga lakes is the disappearance of 
this stream, or rather of one branch of it, in a channel filled with boulders, in N. W. 14 sec. 12, T. 65-4.* (See 
figure 80.) Here a singular accumulation of boulders is seen (at A, in figures 80 and 81) rising apparently in a 
cobble stone wall, to a hight of about fifteen feet above the water. This is the appearance as seen in perspective 
at the distance of about twelve rods toward the south. On approaching nearer, the surface exposed to view is 
seen to be, not a wall, but a slope of about 20°, and the curious effect is discovered to be simply that of a mass of 
boulders, filling what is probably an ancient bed of the stream. The boulders are quite uniformly about ten 


*A. WINCHELL. Sixteenth Annual Report, pp. 230-232. 
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inches in diameter. The right and left borders of the boulder-filled bed are abruptly limited by vegetable 
growths, and a well developed forest surrounds. The farther limit is also sharply determined by a fringe of 
sedges and a forest covering, as shown in figure 81. Standing water approaches the foot of this slope, but no 
current whatever sets toward this old channel. 


. 


FIG. 8. MAP OF A PORTION OF THE STREAM (BOUNDARY RIVER) CONNECTING GUNFLINT 
AND SAGANAGA LAKES. 


On the contrary, a channel, B., filled with boulders, through which the stream actually flows, goes out 
toward the northeast. The water here entirely disappears. A view of one of these boulder-filled channels is 
shown in figure 4 of plate MM. 


Yorest Wau 


FIG. 81. PART OF THE SAME AS FIGURE 8, BUT ON A LARGER SCALE. 


The drift. The drift features of this region have received very little attention, 
and only a very few general statements concerning glacial deposits can be made. 
As is usual throughout the northern part of St. Louis, Lake and Cook counties, the 
glacial drift is quite scanty, frequently almost lacking over considerable areas, and 
averaging only a few feet in thickness. Rock outcrops are abundant and would be 
more so, except for the slight covering of post-glacial soil. Foreign boulders are 
abundant and frequently of great size; coarse hornblende granite, probably from the 
area of Saganaga granite, forms a large part of these boulders. No morainic deposits 
have been recognized, although the drift hills in secs. 11 and 12, T. 65-4, east of the 
south end of Pine lake, may be of this character. There is a drift ridge of consider- 
able size running approximately east and west through the centre of sec. 26, T. 65-4, 
and in the section to the west a railroad cut has been made in a hill of stratified 
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drift. A drift hill (or hills) also occurs along the south line of sec. 27, T. 65-4, west 


of Cross river. 


The general direction of ice movement in this district was towards the southwest 
or rather south-southwest.. During the retreat of the ice the northern slope of the 
land was favorable to the formation of ice-dammed lakes, and, while positive 
evidence of the existence of such lakes has not been found, it is quite probable that 
one or more of them, of small area and short duration, existed. In this connection 
it may be well to mention the marked valley which extends through secs. 15, 22 
and 27, T. 65-4, and connects with the valley of Cross nver. This valley has a com- 
paratively level floor, and in places the surrounding land rises from 100 to 400 feet 
above its floor. The exact nature and history of this valley are not known, but it 


seems probable that it once was a line of drainage. 
GEOLOGICAL STRUCTURE. 


Brief sketch of the rocks, There are three great divisions of rocks in the area of 
this plate. The oldest rocks belong to the Archean. They consist of greenstones, 
granites, conglomerates, graywackes, slates, etc., and they occupy the northern part 
of the plate. Their southern boundary runs approximately south-southwest from 
the western edge of Magnetic lake to the northern side of Akeley lake and then 
westward to the northern part of Gabimichigama lake. The Archean rocks were 
sharply folded, metamorphosed and much eroded before the next division, the 
Animikie, was deposited upon them. The Animikie rocks he along the southern 
border of the Archean area, and dip off to the south, usually at a small angle. They 
consist of thinly bedded slaty rocks, the lowermost beds being rich in iron ore, and 
they contain intrusive sheets or sills of diabase. The Animikie begins in the 
western part of sec. 34, T'. 65-5, and extends eastward, as a very narrow belt between 
the Archean greenstone on the north and the gabbro on the south, about half way 
through T. 65-4, where the narrow belt widens out and becomes nearly a mile and 
a half in width where it leaves the eastern side of the plate. Covering the whole 
southern half of the plate and overlying the Animikie rocks is the third division. 


This is of Keweenawan age, and is composed of a vast mass of igneous rock—gabbro. 


Cabotian. Animihre ; Archean. 
Gabbro, Diabase sills Taconytc slate. Upper Keewatin. Greenstones, ete. Granite. 
CN J HEE: pass RS 


FIG. 8. GENERALIZED NORTH AND SOUTH SECTION THROUGH THE AKELEY LAKE PLATE. 


The above sketch (figure $2) shows the general relation of the various rocks 


in @ section drawn north and south through this plate. 
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The Archean. The rocks included in this division form the northern third of 
the plate, and they are separated from the overlying later rocks (Animikie and 
Keweenawan) by a great unconformity. The Archean within this plate is easily 
separable into two chief divisions—Keewatin rocks and granite; and the former has 
again been divided in mapping into three parts, the complete relations between 
which are not fully known. These three parts are the greenstones, unclassified 
Keewatin and Upper Keewatin. 

(1). The Greenstones. On the map is shown a belt of rocks, averaging nearly 
two miles in width, extending from Frog Rock lake eastward to and beyond the 
centre of T. 65 4 W., where it disappears under the Animikie strata. The rocks of 
this belt can be included under the term gveenstone. They are crystalline rocks, 
composed essentially of a ferro-magnesian mineral, which is most usually horn- 
blende, and plagioclase feldspar. 


These rocks vary exceedingly, even within short distances, in grain and composition, at one time being quite 
coarse grained and granitic in texture, and again being almost aphanitic. The hornblende varies much in 
amount and frequently makes up almost the entire rock. In general, these rocks are at present diorytes. At 
places, especially along the east side of sec. 27, T. 65 5, and in the vicinity of Frog Rock lake, the greenstones 
contain angular and sub-angular fragments of rock almost like themselves, but nothing like a true conglomerate 
has been found in the area designated as greenstone. Noris there any positive evidence of any sedimentary rock 
within the greenstone area; in fact, this lack of sedimentary rocks and the general lithological character have 
been the main features used in distinguishing the greenstones from the rest of the Keewatin. 

While the original nature of all the rocks of the greenstone area cannot be stated positively, it is certain 
that the larger part are essentially igneous in origin, although some parts can be regarded as fragmental volcanic 
rocks. In lithological character some of these recks were certainly diabases and others were of the nature of 
andesytes, while a large part seem to have been diorytes or possibly gabbros. They have been subjected to much 
alteration and recrystallization, and it seems likely that parts of them have been altered several times since their 
original formation as rocks. 


Associated with the greenstones, especially in secs. 22, 23 and 24, T. 65-5, are 
small masses of more acid rocks,—quartz porphyries and quartzless porphyries,—all 
of which are probably younger than the greenstones. While the evidence for each 
small mass is not complete, the following facts point to the truth of the above 
statement as to the age of these rocks. (1) They sometimes occur in the form of small 
dikes. (2) When in larger masses, they sometimes show a finer grain at the contact 
lines on the greenstones than at some distance from these lines. Such is the case 
on the shores of the largest lake in sec. 24, T. 65-5. (3) They have not acquired the 
schistose structure, which is frequently, though by no means universally, developed 
in the greenstones. It can be stated here that the greenstones, as a rule, are massive, 
and cannot be called “ greenstone schists,” except locally. 


As to the age of the greenstones they are regarded as the oldest rocks in the Akeley Lake plate. Their exact 
age is not known, but there are certain facts which seem to indicate that they form the basement on which the 
Keewatin rocks were deposited. If this view is the correct one, these greenstones, instead of being of Keewatin 
age, are really pre-Keewatin and possibly formed part of the original crust of the earth. However this may be, 
there are certain considerations which ally them in age with the greenstones and greenstone agglomerates found 
unconformably below the clastic rocks of the Marquette district in Michigan, and which are referred in the 
nomenclature of the U. 8. Geological Survey to the Basement Complex or “Archean,”* 


*U. 8. Geol. Survey, Fifteenth Annual Report, pp. 477-050, 1895. 
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(2). The Saganaga granite. This name has been applied to a large area of 
granite which exists around and to the south of Saganaga lake. In the Akeley Lake 
plate the northern fourth of the area mapped is underlain by the Saganaga granite. 
This rock 1s a coarse-grained hornblende granite. The coarse-grain, uniform char- 
acter and the large quartz grains, sometimes over half an inch in diameter, are 
characteristic features of this granite mass. Exposures of this granite are frequent, 
and the various exposures differ little from each other. It is seen in characteristic 
development around West Sea Gull and Sea (iull lakes, and along the boundary 
water course in the northeast corner of the plate. The massive hills in secs. 13 and 
14, T. 65-4, are of this rock. 


Along the southern border of the granite in T. 65-5, as it approaches and is in contact with the greenstone, 
the grain becomes somewhat finer than usual, and the quartz in places is almost entirely gone and the rock 
becomes a hornblende syenyte. Along this edge of the granite mass its relation to the greenstone can be dis- 
tinctly seen in many places. Some of the best localities to observe the later age of the granite are: (1) Less than 
one-fourth of a mile south of the northeast corner of section 23; (2) South shore of West Sea Gull lake in N. W. 
1, N. E. 14 sec. 17; (3) West of Sea Gull lake in S. E. 14 sec.7. At the first of these localities many granite dikes, 
from one to twenty-five feet in width, are seen cutting the greenstone. At the second locality is a bald bluff of 
the greenstone which is cut in every direction by branching vein-like forms of granite of the same nature as the 
main mass of the granite adjoining. These granite dikes show practically no variation in grain from centre to 
edge. They and the greenstone are cut by a second series of finer grained, more acid granite (aplyte) dikes. At 
the third locality there are several rounded hills of greenstone, cut in all directions by branching dikes of granite, 
which are sometimes thirty feet across. The greenstone at this place varies considerably in grain, but is massive. 
No. 822G is a representative sample of the greenstone at this place. It is a rather fine-grained, hard, dark green 
rock, composed essentially of hornblende and feldspar, the former in large amounts. The accompanying sketch 
(figure 83) shows the relations of the greenstone and the granite. The latter is similar to the main mass of the 
Saganaga granite as exposed at Saganaga lake. But sometimes, near the locality here mentioned, the granite 
in the dikes becomes some finer grained and poorer in quartz as the distance from the main granite area 
increases. 


FIG. 8 (RANITE DIKES IN GREENSTONE, NEAR CENTRE OF 8. E. ', SEC. 7, T. 66-5. : 
The area represented is five feet square, 


Near the southwest corner of sec. 15, T. 65-5, and just to the east of this, the greenstone is found cut by 
granite, by aplyte and by quartz porphyry, all within a distance of a few rods. Each of the cutting rocks seems 
to be distinct, and the different varieties do not appear to grade into each other, so we assume that the greenstone 
has been subjected to at least three distinct periods, which, however, may not have been far removed from each 
other, of acid intrusions. The relation of the quartz porphyry to the granite and the aplyte is not known. 


(3). Unclassified Keewatin. (nthe vicinity of Gabimichigama lake and extend- 
ing northward to Frog Rock lake, is a much folded and complex series of rocks of 
Keewatin age. These are essentially sedimentary in origin and consist of slates, 
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gray wackes, grits, and in places are conglomeratic. The slate and graywacke phases 
are well developed north of the western part of (iabimichigama lake and north of 
the smaller lake just to the west (Agamok lake). A conglomerate exists near the 
northwestern shore of Gabimichigama lake, in sec. 31, T. 65-5 W., and also at the 
west side of Frog Rock lake, and about Town Line lake. 

The Keewatin rocks included in the area mapped as unclassified Keewatin most 
probably include strata belonging both to the Upper and to the Lower Keewatin. 
The district has not been studied enough to enable us to separate these two uncon- 
formable parts of the Keewatin, nor to tell exactly what types of rocks belong to 
each, but it seems very probable that the two parts are composed quite largely of 
somewhat similar rocks, so that a separation by lithological characters alone is very 
difficult, if not impossible. We know that the Upper Keewatin includes conglom- 
erates, slates, grits and graywackes, while from the pebbles included in the basal 
conglomerate of the Upper Keewatin we know that the pre-existing rocks consisted 
in part of granites, greenstones, jaspilytes, flints and slates. 

(4). The Upper Keewatin. Along the western border of the Saganaga granite 
in the vicinity of West Sea (Gull Jake a marked conglomerate lies upon the granite. 
(io0d examples of this are to be seen in many places, but one of the best localities 
for the conglomerate is on the rounded point at the centre of the west side of sec. 8, 
T. 65-5, and just to the west of this place. The actual contact can be seen between 
the conglomerate and the granite, and large fragments of the latter are included in 
the former. Near this place the writer formerly described an eruptive contact 
of the granite on the conglomerate * but further examination showed that this was 
incorrect, and that the conglomerate is much younger than and unconformable on 
the granite.t The conglomerate is composed largely of debris derived from the 
sranite, but also contains foreign material from the adjoining greenstones, and 
pebbles of jaspilyte and flinty rock. Away from the granite contact the con- 
vlomerate becomes finer-grained and varies to a grit, a graywacke, and in places to 
a slate. The graywacke facies is abundantly developed three miles to the north of 
this plate at the western bay (in Minnesota) of Saganaga lake. 

On the north side of Town Line lake in S. W.4.N. W. 4sec. 18, T. 65-5, is a conglom- 
erate (which is probably a part of that just described) holding bands of red jaspilyte.; 

The conglomerate and associated Upper Keewatin rocks have been much folded 
and now stand usually in highly inclined altitudes with approximately a north and 
south strike. They dip away from the granite at the contact, but to the west of 
this line the structure has not been studied. 

* Amer, Geol. vol. x. p.8, July, 18M. . 


+See pages 321 and 322 of this volume; also the description by N. H. WINCHELL, Twenty-fourth Report, p. 1% 
1A. WINCHELL. Nirleenth Annual Report, p, 315. 
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(5). Resumé of the Archean, As may be gained from what has already been 
stated concerning the different parts of the Archean, our knowledge of the relations 
of the rocks of this age is not complete, but the general Archean history may be 
stated as follows: The greenstones may be considered the oldest rocks in the area of 
the Akeley Lake plate; they perhaps belong to the Basement Complex. These rocks 
are of igneous origin, and have been altered more or less from their original nature, 
being now mostly diorytes. The Lower Keewatin rocks exist in this area, but their 
exact boundaries cannot be given, nor can their relations to the greenstones be 
stated. It is not unlikely that some of the latter rocks are of Lower Keewatin age, 
for such is the age of a large amount of the greenstones elsewhere in northeastern 
Minnesota, although, as already stated, the vast mass of these rocks in the Akeley 
Lake plate are likely to be older than the Lower Keewatin. After the formation of 
the greenstones, and also perhaps of the Lower Keewatin,* there was an intrusion 
of granite, the Saganaga granite. After the date of the greenstones, and the Lower 
Keewatin, these rocks were subjected to a period of folding and elevation, followed 
by a period of profound erosion. The folding may date from the intrusion of the’ 
granite. The erosion was so prolonged that the coarse-grained massive granite was 
finally brought to the surface through the removal of the overlying rocks. Then 
came a period of depression, and the sea ayain covered the greenstones, the Lower 
Keewatin and the granite. In this sea were deposited the Upper Keewatin rocks, 
separated from the foregoing by a marked unconformity. After the deposition of 
the Upper Keewatin, there was another period of folding and elevation, followed by 
erosion. If we may judge from the scarcity of clastic material in the lower member 
of the Animikie in Cook county, and from the general straightness of the present 
northern boundary of the Animikie rocks, it would seem quite likely that this erosion 
was continued until a peneplain was formed. At any rate, the time interval which 
must have elapsed between the Upper Keewatin and the Animikie was very long. 

(6). Metamorphism of the Archean, Thealteration of the Archean rocks due to | 
the dynamic forces to which they have been subjected, and to the intrusion of the 
Saganaga granite, has not been fully studied. It is sufficient to state that some of 
these rocks have been partially or wholly recrystallized, and that in many of them 
slaty and schistose structures have been developed. Of a much later date than this 
metamorphism was that produced by the Keweenawan gabbro. This metamorph- 
ism is purely of a contact nature, and does not extend far from the northern limit 
of the gabbro mass. Along this limit the Archean rocks have been affected, and at 
the contact entirely recrystallized. The resulting rock varies in mineral composition 
as did the original rock, but biotite has been quite abundantly developed where the 


*See page 322 of this volume. 
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original rock was less basic, and where more basic, especially near the immediate 
contact, pyroxene 1s common. 

In many places the rock resulting from this contact metamorphism of the 
yvabbro is a rather fine-grained, granular, rusty-weathering rock to which the name 
‘“muscovado” or “muscovadyte”* has been applied. Where less basic this rock 
weathers quite readily, as at Gabimichigama lake, which hes in a depression along 
the contact of the Archean and the gabbro. The accompanying sketch (figure 84) 
shows the distribution of the different formations about the shores of this lake. 
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FIG. &. SKETCH OF GABIMICHIGAMA LAKE AT THE CORNERS OF TOWNS 64-5, 646, 65-5 AND 66-6. 


The Archean rocks (slates, conglomerates, greenstones, etc.) are represented by lines sloping to the right; where dotted, 
these rocks have been noticeably metamorphosed by the gabbro. The closely lined area is underlain by rocks of the iron-bearing 
member of the Animikie. The gabbro is indicated by crosses, and diabase dikes by solid black. Scale, one inch to one mile. 


The Animikie. The Animikie rocks are the rocks of the Mesabi iron range, 
and as such are of much interest both geologically and economically. As developed 
in the Akeley Lake plate these rocks form the eastern end of the Mesabi iron range 
in Minnesota, and they are the equivalents, both in age and origin, of the Mesabi 
rocks in St. Louis county. In Lake county the Animikie rocks are exposed only in 
small isolated areas in, or at the northern edge of, the gabbro, but in sec. 34,7. 
65-5 W., they emerge again from beneath the gabbro, and continue eastward to the 
extreme eastern end of the state. The iron-bearing member, however, passes into 
Canadian territory completely a short distance to the east of Gunflint lake. 

The Animikie can be separated into four divisions on a lithological basis. 
These divisions are, in ascending order, as follows: (1) The quartzyte member, or 
the Pokegama quartzyte;+ (2) The taconyte or iron-bearing member; (3) The black 
slate member; and (4) the upper or graywacke slate member. The first and the 


——— 


~ #308 remarks on these rocks further on in this chapter. 
+ Often called the Pewabic quartzyte, in the arca_of this plate. 
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fourth are not represented in the Akeley Lake plate, but the fourth exists just to the 
eastward in the Gunflint Lake plate. 

(1). The taconyte or iron-bearing member. On the west this member first 
appears, between the greenstone on the north and the gabbro on the south, near the 
centre of W. 4 N. W. 4 sec. 34, T. 65-5. It extends eastward, holding the same 
position with respect to the adjoining rocks, as a narrow belt for six miles, where it 
_ rapidly widens out, and two miles west of the eastern edge of the Akeley Lake plate 
has a width of a mile and a quarter. The taconyte member lies unconformably 
upon the greenstone to the north, and in sec. 22, T. 65-4, it completely covers the 
greenstone and passes over onto the granite on which it rests, also unconformably, 
to the eastern side of the plate. Contacts with the underlying rock are visible in several 
places. One of the best is near the centre of S. 4 sec. 21, T. 65-4, where the fine- 
grained siliceous lower beds of the Animikie can be seen fitting into the irregularities 
of the old greenstone surface, and in places this Animikie material has settled down 
into cracks in the greenstone. Another interesting contact is to be observed ina 
test pit near the west line of sec. 23, T. 65-4. 

The dip of the taconyte member west of the centre of sec. 27, T. 65-4, is toward 
the south, varying from 20° to almost vertical, and the width of the outcrop is from 
300 to 1,300 feet. The average dip is about 45°. Where this belt of rocks is the 
widest, the dip averages about 30°; this would give a thickness of 650 feet, which is 
probably the maximum thickness reached by these rocks west of the centre of sec. 
27, T. 65-4. To the east of this, the dip is much less, and the surface outcrop much 
wider, being a mile and a quarter in width along the west side of secs. 23 and 24, T. 
65-4. An estimate of the maximum thickness of the taconyte member east of section 
* 27 is 900 feet, of which about 75 feet is diabase sills. This estimate is based on an 
average southerly dip of 10°, and on the assumption that there are no faults or folds 
which would make the apparent thickness greater than the real. The estimated 
thickness is possibly too great. 

In lithological character the iron-bearing member is similar to this member of 
the Animikie along the productive portion of the Mesabi iron range in St. Louis 
county, the chief difference being that in the Akeley Lake plate, magnetite, instead 
of hematite, is the important iron ore. The term taconyte 1s applicable to the rocks 
composing this member of the Animikie. They are composed of jaspery,. often 
spotted, griinerite, siliceous, and cherty schists, or rather slates, usually thin bedded, 
and frequently containing layers rich in magnetite. The magnetite is especially 
abundant near the base of the formation. 


Breccia. A feature of the taconyte member which deserves mention is a marked breccia, which is seen 
to good advantage just south of the railroad track in N. W. 14 S. E. 14 sec. 24, T. 65-4. It also occurs on top of 
the high hill just to the north of this locality and also near the southwest corner of the section to the west. The 
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breccia is composed of angular fragments of Animikie rock, cemented by a fibrous green amphibole. The breccia 
plane, which is approximately parallel with the bedding of the Animikie, represents a plane of motion, but in 
which direction the motion occurred is not known. (See the twenty-fourth annual report, page 25.) 

Scarcity of quartzyte. One characteristic feature of the taconyte member is that actual fragmental mate- 
rial is largely lacking. In all the slides thus far examined very few show fragmental quartz grains or fragmental 
grains of other material. The only undoubted fragmental quartzyte yet noticed was found in a traverse across 
the ridge which separates Magnetic lake from Animikie bay of Gunflint lake in sec. 24, T. 65-4 (No. 1322). But 
the specimens collected here were not actually in situ, although in all probability they were removed only a short 
distance from their original position. A few other specimens examined also seem to be fragmental quartzytes, 
but the number of these is very small. There thus is no evidence of the existence of the lower or quartzyte 
member of the Animikie as a distinct member in the Gunflint Lake region, the taconyte or iron-bearing member 
being the lowest and resting directly on the underlying Archean, but the taconyte member contains a very small 
amount of fragmental quartzyte. 

Folding. In addition to the general southerly dip of the Animikie there is evidence of gentle folding 
where the taconyte belt is the widest, while in sec. 21, T. 65-4, there is a pronounced fold. The axes of these 
folds have a general east and west direction. Some of the smaller folds can be seen near the southwest corner of 
sec. 22, T. 65-4, and near the north side of N. W. 14 sec. 26, same township, the Animikie rocks are bent into an 
anticline where the strata on the south dip 10° towards the south, and on the north 15° towards the north. As 
exposed, this anticline is about 150 feet across (north and south). 


FIG. 8. SECTION SHOWING A SYNCLINAL RIDGE OF MAGNETIC SLATES (IRON-BEARING MEMBER OF THE 
ANIMIKIE) BETWEEN TWO RIDGES OF GREENSTONE (ARCHEAN). 


The section, one-fourth mile long, extends north and south near the east side of 8. W. 14 sec. 21, T. 65-4 W. Vertical acale 
several times the horizontal. Compare figure 3d. 


A section made from the north quarter-post of sec. 21, T. 65-4, south for two miles, crossing the pronounced 
fold mentioned in the last paragraph, is as follows: For a distance of about a third of a mile Saganaga granite; 
then greenstone cut by this granite. At three-fourths of a mile the iron-bearing slates of the Animikie are seen 
lying directly on the greenstone and dipping towards the south (see figure 85), A few rods farther the dip of the 
Animikie changes to the north and soon becomes quite steep. Thus the Animikie strata ip the south half of 
section 21 form a syncline. Before reaching the south quarter-post of this section the greenstone is again seen, 
and it continues southward for a fourth of a mile from this point, when the Animikie iron-bearing rocks occur 
dipping towards the south at an angle of perhaps 50° (see section AB in figure 87). After crossing a small thick- 
ness of these rocks the gabbro is seen overlying the Animikie, and this igneous rock continues southward to and 
beyond the south quarter-post of sec. 28, T. 65-4. The Animikie rocks were once continuous, in the form ofa 
anticline, over the greenstone ridge at the north side of section 28, i. e., the southern of the two greenstone ridges 
mentioned above.* 

On going eastward this syncline of Animikie rocks (figure 85) becomes more flat, and a section of the 
exposures is shown in figure 86. 


FIG. 8. SECTION NORTH FOR ONE-FOURTH MILE FROM THE SOUTH QUARTER-POST OF SEC. 22, T. 65-4. 


Archean greenstone occurs on the south overlain by the Animikie iron-bearing member. This section is about one wile 
east of that of figure 85. ‘ 


THE IRon-Bearine Rocks at AKELEY LAKE AND VICINITY. 


The iron-bearing member of the Animikie, west of the centre of sec. 27,T. 65-4, is different from this member 
elsewhere in this plate in that it is here composed of highly crystallized rocks. These consist of quartz, magne- 
tite, olivine, hypersthene, augite and amphibole. Frequently the pyroxenes and amphiboles are in large plates 
inclosing the other minerals. Magnetite is abundant and is usually concentrated into certain layers, and these 
layers form the iron ore which has been exploited in secs. 28 and 29, T. 65-4. The cause of this crystallized condi- 


——~ 


*Compare section CD on the map accompanying “Sketch of the Geology of the Eastern End of the Mesabi Iron Range in 
Minnesota.” Kayineers’ Year Book, University of Minnesota, pp. 49-62, 1888, This map and section are also used in the Twenly- 
fourth Annual Report. 
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tion of the Animikie rocks is the contact metamorphism of the great gabbro mass which lies above and just to 
the south of the Animikie. 

These rocks are typically developed in secs. 28 and 29, T. 65-4, and a map of these two sections is here 
presented (figure 87). These iron-bearing rocks extend east and west in a narrow belt, lying at the base, or on 
the southern flank, of a marked ridge of greenstone. They contain at least one sill, which is from four to twelve 
feet in thickness, of a gabbro-like rock —most probably a sill from the great gabbro mass. This sill has been 
seen in several places, as shown in figure 87, and is best exposed north of Akeley lake. Here the sill is markedly 
porphyritic with large plagioclases, and is also very noticeably finer grained at its lower and upper surfaces. In 
addition to this there is, farther south, a larger sill of gabbro (also shown in figure 87) which is also fine grained 
at its edges, but in its centre cannot be distinguished from the gabbro which occurs so abundantly to the south. 
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FIG. 87. SKETCH MAP OF SECS. 28 AND 29, T. 65-4 W., SHOWING THE GEOLOGY AND THE WORKINGS OF THE 
GUNFLINT LAKE IRON Co. 

The area covered by the character V represents the greenstone; the stippled area, the iron-bearing rocks (taconyte 

member of the Animikie); the area covered by crosses, the gabbro (Keweenawan); the solid black, sills of gabbro-like rock. 

The solid line represents the Port Arthur, Duluth and Western railroad ; the broken line of long dashes, wagon roads; the broken 


line of short dashes, trails. Black squares represent buildings; circles, shafts; solid circles, test pits. Scale, three inches to one 
mile. Figures in lakes denote altitudes in feet above the sea, as determined by leveling. 


The highly crystallized iron-bearing rocks here described have been referred to different ages by different 
geologists. The state geologist, while formerly referring them to the Animikie, has lately regarded them as of 
Archean (Lower Keewatin) age, and in this same category he includes the belt of iron-bearing rocks in the S. 13 
sec. 21, T. 65-4. In fact, all of the banded iron-bearing rocks in the Akeley Lake plate west of the centres of 
secs, 22 and 27, T. 65-4, are referred to the Archean. The reasons for this are given in the chapter on Lake 
county in this volume and in the chapter on structural geology in volume v. On the other hand, the geologists 
of the United States Geological Survey, especially Messrs. W.S. Bayley and W. N. Merriam, have referred the 
rocks in question (not including the belt in sec. 21, T. 65-4, which is regarded as of Animikie age) to the gabbro. 
Mr. Merriam has thus mapped these rocks as part of the gabbro,* and Dr. Bayley, while admitting that possibly 
part of them may be quartzytes, still includes the vast mass of these rocks in the gabbro.t 

The writer believes that these iron-bearing rocks are part of the taconyte or iron-bearing member of the 
Animikie metamorphosed by the gabbro, and this is the ground also taken by Messrs. H. V. Winchell and A. H. 
Elftman. The writer has studied these rocks carefully in the field and to some extent under the microscope, but 
unfortunately he has not had an opportunity to give to them the detailed study that they seem to deserve; so 
the field notes have not been fully arranged and digested, the microscopic study has only been begun and the 
chemical] investigation has been largely neglected. Nevertheless, there is sufficient known about these rocks to 
warrant some statements in regard to their age and the cause of their present condition. In these statements 
the writer, while presenting his own views, hopes that he will exhibit a spirit of fairness and courtesy which 
should characterize any scientific discussion, the end in view being the presentation of the truth. 

The general aspect of these rocks, except in one particular, i. e., their coarsely crystalline nature, allies 
them with the iron-bearing rocks of the Animikie. They exhibit to a remarkable degree the same minute and 
coarser bandings, and the same alternations of bands of magnetite and quartz and other materials. They exist in 
the direct continuation of the strike of the Animike beds, and they are found only in such positions as one would 


* Mon. riz U. 8. Geol. Survey, pl. xxxvii. 
+ Nineteenth Annual Report, pp. 198-210; Jour. Geol., vol. ii, pp. 814-825; vol. iii, pp. 1-20. 
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with most reason expect to find the Animike, 7. e., at or near the northern border of the gabbro. Rocks of this 
nature exist in a number of places, in such positions, between the two parts of the iron-bearing member of 
the Animikie, which are by all recognized as of Animikie age, 7. e,, in eastern St. Louis county and at Gunflint 
lake. Moreover, what tield work has been done makes it clear that these well known parts of the Animikie can 
be traced by gradual steps into these areas of highly crystalline, banded iron-bearing rocks. This has been 
stated by Dr. A. H. Elftman for the district south and southwest of Birch lake on the eastern edge of St. Louis 
county,* and in the Akeley Lake plate these rocks, before disappearing in the swamp in the N. EK. 44 sec. 27, T. 
65-4, attain a lower dip, a less crystalline character and a close approach in general lithology to the Animikie 
(which is called Animikie by all) half a mile distant to the east. And the same characters ally the rocks under 
discussion to the belt of iron-bearing rocks in S. !g sec. 21 and S. W. 14 sec. 22, and these latter rocks have the 
some lithological characters, and can be traced by frequent outcrops into the well known Animikie just to 
the east. 

These facts are of importance in separating the iron-bearing rocks in question, both from the Keewatin and 
from the gabbryo. In regard to their reference to the Keewatin, it may be said that Prof. N. H. Winchell regarded 
these rocks as of Animikie age, until he saw rocks of similar lithological nature, south of Disappointment lake, 
in N. W. }4 T. 63-8 W., and until certain facts were interpreted to point to a metamorphic origin for the gabbro 
mass and its associated rocks. In regard to the iron-bearing rocks south of Disappointment lake, the writer can 
state that he has seen these rocks in company with Prof. Winchell, and saw no conclusive evidence that they 
belonged to the Keewatin. Their reference to the Animikie seems to do violence to none of the facts observed, 
but, had not these rocks heen known from other localities, where their Animikie age was more certain, the reference 
of this particular area to the Keewatin would be easy. However, even if these rocks at Disappointment lake 
belonged to the Keewatin, this fact does not establish the Keewatin age of the Akeley Lake rocks. 

One fact of great importance in separating these iron-bearing rocks from the gabbro is the nature of the 
contained magnetite, which is non-titaniferous, while the deposits of magnetite in the gabbro in northeastern 
Minnesota. are, as far as known, invariably titaniferous. Moreover, even the magnetite, which occurs disseminated 
in small vrains, throughout the mass of the gabbro, seems to be titaniferous. 

Attention has already been called to the structural features in regard to the folding of the Animikie rocks 
in secs, 21 and 28, T. 65-4. Here the simplest explanation of the structure is that the iron-bearing rocks in 
question in section 28, originally extended in the form of an anticline, over the greenstone ridge to the north, and 
were continuous with the syncline of Animikie there found.f 

Another feature of importance is that, in these iron-bearing rocks in sec. 28, T, 65-4, are some jaspilitic 
bands. Carbonaceous material is common in the Animikie, especially in the strata immediately overlying the 
iron-bearing member. And in the gabbro, just to the south of these coarsely crystallized iron-bearing rocks, are 
fragments, and in one place possibly a mass in situ, of rock which can most certainly be referred to the black slate 
member of the Animikie. That is the member which next overlies the taconyte or iron-bearing hor zon, and 
seems to occur here, just to the south of and above the iron-bearing rocks, where such a member would be 
expected. 

Where the main mass of the gabbro comes in contact with the iron bearing rocks, it is finer grained, and 
the two rocks can easily be distinguished, even in the field. In fact, the statement can be made that in the field 
there was at no time any difficulty in distinguishing the two rocks. The large sill of gabbro in the iron-bearing 
rocks (see figure 87, on page 173) is like the main mass of the gabbro, and both this sill and the smaller one are 
of decidedly tine grain at both their upper and their lower sides, thus showing that they are of later date than, 
and intrusive into, the surrounding rocks. The two sills just mentioned are the only ones known to the writer 
in secs, 28 and 2, T. 65-4, it being assumed that the ditferent exposures of small sills (as shown in figure 87) all 
belong to one sill. | 

It is to be regretted that a careful chemical investigation of the iron-bearing rocks of Akeley lake has not 
been made in order to show their relationships to those adjoining rocks which all admit to be of Animikie age. In 
lieu of such chemical examination attention may be called to the mineral composition. In this district the 
Animikie rocks are not uncommonly somewhat metamorphosed, and now consist of aggregates of quartz and 
magnetite with certain amphiboles. The crystalline iron-bearing rocks in question consist of aggregates of 
quartz and magnetite and certain pyroxenes, amphiboles and olivine (often fayalite). Quartz and magnetite, 
forming bands composed entirely of one or the other of these minerals, or in smaller grains disseminated among 
the other minerals, are common to both the unquestioned Animikie rocks, and to the iron-bearing rocks of 
Akeley lake. Thus these two rocks are identical in composition, as far as these two minerals are concerned, 
the only difference being that in the latter rocks these minerals (quartz and magnetite) are usually in larger 
grains. The other minerals may be tabulated as follows: 


UNQUESTIONED ANIMIKIE— | AKELEY Lake Rocks— 
Actinolite, Olivine, 
Griinerite, Fayalite, 
Cummingtonite, Hypersthene, 
Green hornblende. Augite, 

- Green hornblende. 


*See especially plate vi, of the Twenty-second Annual Report. 
+ Page 472, and figures 85 and 86, and section AB, in figure 37. 
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The minerals actinolite, grdnerite and cummingtonite have not always been carefully distinguished. They 
are undoubtedly all present in the partially metamorphosed Animikie, but the grOnerite and cummingtonite are 
the most common. These two minerals (or perhaps only one of them) occur in the highly crystallized iron-bearing 
rocks in question, but usually not in any abundance. It is evident that the actinolite and green hornblende in 
the undoubted Animikie rocks could furnish the elements necessary for the augite and green hornblende in the 
highly crystallized iron-bearing rocks under discussion. Moreover, the griinerite (FeSiO,) and the cumming. 
tonite ((MgFe|SiO,) of the Animikie could furnish the elements necessary for the formation of the fayalite 
(Fe,SiO,), the olivine ({MgFe, ]SiO,) and the hypersthene ([FeMg]SiO,). It is thus seen that the material 
necessary for the formation of the highly crystallized iron-bearing rocks can all be obtained from the Animikie 
rocks, and thus the fact that the former rocks contain gabbro minerals can be explained without assuming that 
these rocks are part of the gabbro. It is not the intention of the writer to affirm that there has been no transfer, 
during the metamorphism of these rocks, of material from the gabbro. This may have taken place, but it is not 
to any great extent necessary, for the Animikie contained the material needed to form these minerals. 

Another important difference between the Akeley Lake rocks and the gabbro is that the latter contains 
much feldspar, while in the former this mineral is in very small quantities or lacking entirely. And it may be 
repeated that there was observed in the field no gradation between the gabbro and the iron-bearing rock, the 
two being distinct and easily separable. Moreover, the sills of gabbro already mentioned show by their fine- 
grained edges that these rocks were intruded by the gabbro, and these sills are also sharply separated from the 
inclosing rock. ; 

Dr. Bayley admits the possibility of some of the quartzose bands in the Akeley Lake rocks being meta- 
morphosed quartzytas, but the bands composed of gabbro minerals, which bands often contain quartz, he regards 
as parts of the gabbro. The writer, on the other hand, regards not only the quartzyte bands, but also the bands of 
magnetite and of other minerals as strata of the iron-bearing member of the Animikie profoundly metamorphosed 
by the gabbro. It seems certain that all of the rocks mapped as iron-bearing rocks in figure 87, page 475, are of 
one and the same origin and age. Indeed, to the writer, it is evident that nearly all of the non-feldspathic 
peripheral phases of the gabbro described by Dr. Bayley,* excepting the titaniferous magnetites, are metamor- 
phosed Animikie strata, and even some of his granulitic gabbros are here included.f 

The writer has presented above the facts which seem to him to practically demonstrate the Animikie age 
of the rocks in question. It may be added that the gabbro is known to have markedly metamorphosed and 
entirely recrystallized other rocks with which it came in contact, so the metamorphism of these iron-bearing 
rocks is nothing unusual, although it may be that certain features of these basic, but at the same time quartzose, 
rocks —such as their position or their chemical composition —~aided in making this metamorphism so pronounced. 


(2). The black slate member. This overlies conformably the taconyte member 
and is rather sharply separated from it lithologically. No contacts between the two 
members have been seen, but as far as the outcrops examined are concerned there 
seems to be no difficulty in separating the two members. 

The black slate member consists essentially of fine-grained, black, siliceous, 
apparently carbonaceous slates which are frequently quite fissile, although the fissile 
character is not well developed in the few exposures which are seen in the Akeley 
Lake plate. In thin section some of the typical parts of this member (rocks Nos. 
908G, 961G, 96laG, 961bG) are seen to be composed of numerous small angular frag- 
ments of quartz in a cement of dark color and apparently carbonaceous nature. 
These black slates are well developed along the bluff on the south side of Cross 
river near its mouth, in S. 458. E. ‘ sec. 24, T. 65-4. Here the river flows over the 
upper surface of a diabase sill, under which, and about a quarter of a mile to the 
north of the river, appear the slates of the taconyte member of the Animikie. On 
the south side of the river, and forming the first sixty feet of the bluff, are some 
black to gray, sometimes flinty, slates, which are as distinct from the iron-bearing 
slates below as from the black carbonaceous slates above. This belt of slates is not 
exposed elsewhere, and it is here included with the black slate member, although it 


* Jour. Geol., vol. i, pp. 816-825. 
+ Jour. Geovl., vol. iii, p. 18, Noa. 944 and 947. 
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might perhaps be included with the taconyte member. Above these slates, and in 
sharp contact with them, isa belt of the typical black slates, but here, instead of being 
slaty, the rock appears quite massive, is lacking in lamination, and in the field might 
be taken for igneous rock. The part of this rock which is exposed in the bluff, and 
just to the south of the bluff here, shows a thickness of at least a hundred feet. 

Another typical exposure of the massive phase of these black slates occurs in 
the hill just south of the railroad in the N. E.4N. E. 4 sec. 26, T. 65-4. West of 
this there are almost no exposures of this black slate member; in fact it is not 
extensively exposed anywhere in this plate except at the two localities already 
mentioned. | 

(3). The diabase sills, The Animikie strata have been intruded by vast sheets 
of diabase which follow approximately the planes of bedding of the intruded rocks, 
although sometimes cutting across them. Two extensive sills and several smaller 
ones have been noted in this plate. The most pronounced is that which occurs just 
north of the mouth of Cross river and extends westward for over two miles. These 
sills are of diabase and are quite constant in petrographical character. They will 
be spoken of more fully in the description of the Gunflint Lake plate (chapter xxv). 

The Keweenawan. Therocks of the Cabotian division of the Keweenawan overlie 
and are younger than the Animikie. ‘They are composed of igneous rocks, and are 
easily separated into four groups—gabbro, fine-grained gabbro, granite and diabase 
dikes. | 

(1). The gabbro. The southern line of the Animikie is the northern line of the 
gabbro from the eastern edge of the plate westward as far as the Animikie rocks are 
exposed. On the east the gabbro is in contact with the black slate member of the 
Animikie; farther west it cuts across this and comes upon the taconyte member, and 
finally, in the western part of sec. 34, T. 65-5, it cuts entirely across this member 
and lies upon the Archean. 

Contacts of the gabbro with the underlying rocks are rather common, and in 
each this vast mass of igneous rock is seen to have a marked effect upon the under- 
lying rocks, completely recrystallizing them for at least a distance of several rods 
from the contact, and fora much farther distance, inducing the crystallization of 
certain new minerals in them. The effect of the gabbro upon the narrow belt of 
Animikie iron-bearing rocks in the vicinity of Akeley lake has already been men- 
tioned. The effect on the greenstones is less marked, for they were already com- 
pletely crystalline before the gabbro affected them. Still, near the gabbro contact, 
pyroxene, which is almost never found elsewhere in the greenstones, begins to 
develop, and close to the gabbro the hornblende has largely disappeared or taken 
the form of large plates, inclosing smaller grains of the other minerals of the rock. 
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Pyroxene is abundant, either in large grains or in much smaller ones with rounded 
outlines. : | 

Where the gabbro has come in contact with the sedimentary rocks of the 
Archean, it has altered them profoundly. Thiscan be seen especially well about the 
shores of Gabimichigama lake.* The first effect of the gabbro is the development 
of minute flakes of biotite all through the rock; then the biotite flakes become larger 
and the quartz loses its clastic appearance, and finally the rock becomes entirely 
recrystallized into a mica schist or gneiss, composed of quartz, feldspar, biotite and 
frequently hornblende, and even pyroxene (sometimes orthorhombic) very near to the 
gabbro. These altered Archean clastics frequently possess a yellow, brown-sugar- 
like appearance, and have accordingly been termed ‘“muscovado” in some of the 
reports of the survey. 

The gabbro varies, as in the Fraser Lake plate, and to the westward, consider- 
ably in the relative abundance of the different minerals. The normal phase in this 
plate is an olivine gabbro. In the vicinity of Little Saganaga lake, the ferro- 
magnesian minerals become scarce or practically entirely lacking, and the rock is 
composed of labradorite, making an anorthosyte. . | 

(2). Fine-grained gabbro or granulitic gabbro, Associated with the gabbro 
mass, especially along its northern border, is a considerable quantity of rock of the 
same mineral composition as the gabbro proper, but of much finer grain. These 
fine-grained gabbros are very abundant in places, but it is impracticable to map them 
separately from the main gabbro mass without considerable detailed field work. In 
the vicinity of Muscovado lake, and about the most northern projection of Bashi- 
tanaqueb lake, the fine-grained gabbros occur in typical development (No. 857G). 
Here, especially at the latter locality, they show a pronounced separation into layers 
from two inches to a foot or more in thickness. There is no apparent difference 
between the various layers, and they are separated simply by a crack, which becomes 
more noticeable as the rock weathers. The appearance of these layers is shown in 
figures 5 and 6 of plate MM. The layers dip towards the south at a small angle, 
usually about 10.° 


REMARKS ON FINE-GRAINED GABBRO, GRANULITIC GABBRO AND “ Muscovapo.” 


In the writer's field notest rocks called fine-grained gabbros or granulitic gabbros are mentioned many 
times. These rocks are commonly confined to near the northern edge of the great gabbro mass, and they have 
peculiar characters which render them easily recognized in the field and under the microscope. These rocks 
are Of fine, but nearly uniform grain, probably the average size of the constituent mineral grains being only 
about one-fifth the size of the grains of the usual gabbro with which the fine-grained gabbros (granulitic gabbros) 
are intimately associated. On weathering, these fine-grained rocks become yellow or brown and crumble into 
fine sand. When fresh they are commonly gray, light or dark in color. Under the microscope they are seen to 
have a granular texture, being composed of allotriomorphic, approximately equidimensiona] grains, which 
frequently have rounded outlines. The constituent minerals are basic plagioclase, augite (diallage), olivine, 
magnetite (titaniferous), hypersthene, biotite and hornblende. Usually only two or three of these minerals are 


*See figure 84, page 470. 
t Twenty-fourth Annual Report. 
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present in large amounts in a given section. Thus these rocks vary and may be called, according to the mineral 
composition, gabbros, olivine gabbros, hypersthene gabbros, norytes, etc. 

While these granulitic gabbros are mapped as part of the great gabbro mass of northeastern Minnesota, 
and while they are regarded as the same in origin as the main coarse-grained gabbro, still they are of a little 
earlier date than the main gabbro mass and are regarded as representing some of the first consolidations from 
this gabbro magma. Fragments of all sizes of this granulitic gabbro are included in the coarse-grained gabbro, 
which latter cuts the former in many dikes and stringers. Asa rule the two rocks are sharply marked off from 
each other at their contacts, and near the contacts neither rock appears different from what it does away from 
the contacts. Ata few of these contacts gradations between the two rocks are seen, but the passage from one 
rock to the other is complete in a distance of an inch or two. It can be stated asa genera) fact that areas of 
any size of intermediate rock do not exist where the granulitic gabbros are typically developed; but at and to 
the west of Poplar lake. where the typical granulitic gabbros are almost or quite lacking, there are stages of the 
gabbro which may be called intermediate between the usual gabbro and the fine-grained (granulitic) gabbros. 
The areas of granulitic gabbro are scattered through the coarse gabbro near its northern border, and these areas 
vary in size from a few square feet to many acres. They are especially abundant at and south of the south- 
eastern corner of T. 65-5, in the vicinity of Muscovado lake, and just to the north of Bashitanaqueb lake. 

In the various reports of this survey, the term “ muscovado ”’ (or “ muscovadyte ") has been applied to these 
granulitic gabbros, but these rocks are not to be confounded with rocks of a different nature to which the term 
‘“muscovado " has also been applied. That rocks, of at least two origins, had been included under this name was 
first pointed out by Mr. H. V. Winchell.* 

Dr. W.S. Bayley, in 1892, stated that the “ muscovados” were granulitic phases of the gabbro,t and later. 
he described in detail the petrographical characters of these granulitic gabbros.t However, while the main mass 
of the rocks thus described by Dr. Bayley undoubtedly belong to the granulitic gabbros, it is evidept that he 
included under this designation a few rocks of an entirely different nature, 7. e., those belonging to the second 
class of “ muscovados” to be mentioned shortly. For instance, rocks Nos. 1334 and 1335,§ which he designates 
as granitic gabbros, are, according to the writer's interpretation, parts of the Archean greenstone metamorph- 
osed by the gabbro§, while Nos. 944 and 947,'| stated to have narrow seams of granulitic gabbro, are parts of 
the iron-bearing member of the Animikie metamorphosed by the gabbro. 

It was at the writer's suggestion that the preliminary examination of the “ muscovadytes” reported in the 
twenty-first annual report® was undertaken, and as a result of this examination and of private discussion of the 
question, Prof. N. H. Winchell stated as probable the dual nature of the rocks included under this term,** at the 
same time stating the possibility, or probability, of the granulitic gabbros being a product of the profound 
metamorphic action of the great gabbro mass upon the Archean greenstones. He has elsewhere tt given his 
reasons for now considering both classes of “muscovadytes” as of one origin, and for regarding them, not as 
Archean rocks metamorphosed by the gabbro, but as steps of lesser or greater metamorphism of these Archean 
greenstones, the final product of which metamorphism was the production of the great gabbro mass itself. 

The writer in a preliminary report has called attention to these fine-grained er granulitic gahbros.{f 

As has already been stated, one class of rocks to which the term “ muscovado” has been applied includes 
the granulitic gabbros mentioned above. The other class of rocks are of Keewatin (in some cases of Animikie) 
age. In this latter class are both sediments and greenstones, their present peculiar nature being due to the 
metamorphosing action of the gabbro magma. These rocks are thus found without (north of) the northern 
limit of the gabbro, while the granulitic gabbros are found within (south of) this limit. The metamorphism of 
this second class of “ muscovadytes” of course increases as the actual gabbro contact is approached. The easily 
recognizable metamorphism extends for several rods, and in cases for a quarter of a mile or more, from the 
present surface exposure of the gabbro. In this metamorphism the fragmental character of the original rock is 
lost, and it becomes a holo-crystalline, almost granitic aggregate of several minerals, chief among which are 
quartz, feldspar, biotite, hornblende and magnetite. Biotite is almost always developed in this process,§§ and 
the original bedding of the rock is sometimes preserved. On weathering, these rocks frequently take on 4 
crumbling, rusty, yellow or brown appearance, very similar to weathered forms of the granulitic gabbros. As 
the original composition of these older rocks varied, so does the mineral composition of the recrystallized forms. 
Pyroxene is rarely seen except in the immediate vicinity of the gabbro, and here sometimes grains of pyroxene, 
both augite (diallage) and hypersthene occur, perhaps products of exomorphic metamorphism. Still there is 
usually no practical difficulty in distinguishing these metamorphosed rather acid sediments from the main 
coarse gabbros, and also from the granulitic gabbros. Where the older rocks become more basic and approach 
or become greenstones, the rock resulting from this metamorphic action bears wore of a resemblance to the 


* Seventeenth Annual Report, p. 130. 

+ Nineteenth Annual Report, p. tL. 

¢ Jour. Geol. vol. iii, pp. 1-20. 

4 Nineteenth Annual Report, pp. 195, 196. 201. 

* No. 1335 has been figured in Nineleenth Annual Report, p. 196; and in Jour. Geol., vol. iii, p. 6 
t Jour. Geol., vol. iii, p. 18. 

°Pages 143-152. 
#* Twenty-first Annual Report, p. 12. 
++ Chapter on Lake county in this volume, and chapter on structural geology in vol. v. 
tt Twenty-second Annual Report, p. 7. 
§§ See page 4089. 
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granulitic gabbros. In these basic phases of the recrystallized Archean rocks hornblende is abundant, and 
augite and hypersthene occur at times near the gabbro contact. Not infrequently one of these basic minerals 
is developed in plates which hold more or less rounded grains of the other minerals of the rock. The resemblance 
to the granulitic gabbros is greater where the original Archean rock was of somewhat similar origina! composi- 
tion to the former. But in present composition, except where strongly acted on by the gabbro, these rocks are 
hornblendic rather oe pyroxenic. Such basic Archean rocks exist just to the north of the belt of ferruginous 
quartzyte in T. 65-5.* 

Types of the first class of rocks called “ muscovadytes,” i. e., the granulitic gabbros, exist, as mentioned 
above, around Muscovado lake and north of Bashitanaqueb lake. Nos. 735G, 857G and 857aG are typical speci- 
mens of these rocks. The second class of these rocks, 7. e., metamorphosed Keewatin rocks, are seen in nee 
development at Gabimichigama lakeft and along the south shore of Disappointment lake. 

From study in the field and in the laboratory the writer has become convinced of the existence of these 
two classes of rocks termed “ muscovadytes "—-classes of different origin and nature—and he thinks it possible, 
by a judicious combination of study in the field and in the laboratory, to escape from confusing one class with 
the other. 


(3). Granite. As in the Fraser Lake plate. the gabbro is cut by a few dikes 
of red granite. Such occur at the north end of Ida Belle lake in the S. K. 4 sec. 35, 
T. 64-4; on the south shore near the east end of East and West lake; on a point near 
the centre of the west side of sec. 7, T. 64-4, Big Round lake; along the south shore 
of Little Saganaga lake in secs. 16 (especially the east half) and 17, T. 64-5; onan island 
in Gabimichigama lake in N. W. } N. E. 4 sec. 6, T. 64-5. Some small masses of this 
granite also occur in the gabbro; they are all probably of later date than the gabbro. 
Such are found on the west side of the portage south from Akeley lake; a short 
distance north and east of the southwest corner of sec. 16, T. 64-4, and also a short 
distance west of this same section corner. 

(4). Diabase dikes. Cutting the gabbro and all the earlier rocks are a few 
diabase dikes. These are always exceedingly fine grained at the edges and coarser in 
the centres. | 


One of these dikes, which runs east and west through the granite of West Sea Gull lake south of the centre 
of sec. 5, T. 65-5, is peculiar in that it bears olivine, which has the same ophitic relation to the feldspars as does 
the augite. This rock is No. 662G. The exact age of these dikes is not known. Some of them, at least, are later 
than the gabbro. One such dike is seen cutting the gabbro on Cross river near the north side of sec. 34, T. 65-4, 
and another was found in the gabbro at the east end of Big Round lake in KE. 15 S. W. 4 sec. 8, T. 64-4, while still 
another occurs at Kakigo (or Black Trout) lake in N. E. 14 S. E. 14 see. 34, T. 65-5. 


ECONOMIC RESOURCES. 


A considerable quantity of merchantable pine exists in the Akeley Lake plate. 
There is also a good supply of spruce and poplar. Nickel ore has been reported 
from several places in the gabbro, but the survey has not had an opportunity to 
investigate these reports. It is not impossible that deposits of nickel ore will be 
found, as the gabbro sometimes bears traces of this mineral. 

Iron ore. As has been stated in the description of the Animikie rocks, the 
taconyte member contains large quantities of iron ore in the form of magnetite. 
This is more concentrated toward the base of the formation, where there are some- 
times layers of almost pure magnetite several inches or a foot or two in thickness. 


*See figure 87, page 473. 
+See figure 84, page 470. 
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Quite a number of test pits have been sunk into these iron-bearing strata and in 
sec. 28, T. 65-4, mining was begun in 1592 and 1893. The Port Arthur, Duluth 
and Western railroad was completed to this place, and the Gunflint Lake Iron 
company did considerable work in this section in the years mentioned, but the 
shipping of ore was not begun. This company put down several test pits in secs. 
28 and 29, T. 65-4, and also two shafts. One of these, at the north side of Akeley 
lake, is seventy-five feet deep. The other, in the S. E. 4 N. E. 4 sec. 28, is eight by 
twelve feet in size and is 105 feet deep. This shaft passed through the usual rocks 
of the taconyte member of the Animikie at this place, and in its lower part found 
considerable iron ore. However, this ore was not found in sufficient quantity for 
profitable mining without hand sampling, and the project was abandoned late in the 
summer of 1893. With a higher price for iron ore than is now paid, and with 
careful working, it is probable that ore could be mined here at a profit, especially if 
the ore could be smelted on lake Superior. 

The ore is in general a low grade bessemer ore with no titanium, but there are 
layers of high grade ore also. Several chemical] analyses of the ore are as follows: 


Metallic iron, - - - - - 58.40 04.01 63.98 62.00 
Silica,  - - - - . - 8.22 9.37 8.90 7.14 
Phosphorus, - - - - - 036 .032 .028 113 
Manganese, - - - - - 4.92 5.02 None. =... 
Alumina, - - - - - - 2 A Cate 
Titanium, - - - - a None. None. Trace, —saeaee 


In sections 22, 23 and 24, T. 65-4, some exploratory work has been done, and 
as far as the work has gone it shows that the rocks contain about as much ore as in 
sections 28 and 29. An analysis from the ore in N. W. 4 N. W. 4 sec. 23 gave: 
Metallic iron, 595.60; silica, 10.02; phosphorus, .042; manganese, 4.34; alumina, .34; 


titanium, none. 
GEOLOGICAL MAP. 


The boundary separating the greenstone and the unclassified Keewatin from 
each other is only approximately located. Otherwise the formation boundary lines 
are considered to be correctly located. More detailed work will probably show only 
small and unimportant changes in these boundary lines. The contour lines in the 
immediate vicinity of the iron-bearing rocks are approximately correct, and the 
hights of many of the lakes were obtained by leveling. 


ROCK SAMPLES. 


The following rock samples were collected within the area of this plate: 


N. H. Winchell’s series: Nos. 313-315; 730-737; 767-773; 1071, 1072; 1088-1092; 1318-1365; 1379-1384: 
1772-1785; 1891-1897; 2047-2050; 2052, 2053. 

A. Winchell’s series: Nos. 358; 578-607; 647-656; 660-673; 822 834; 843-886. 

H. V. Winchell’s series: Nos. 446-458; 459, 460. - 

U.S. Grant’s series: Nos. 6, 7; 43-45; 61-65; 232-244; 645-675; 821-839; 846-849; 851, 852; 855 -893; 896- 
909; 929-950A; 953-961C; 963-966; 968-969E. 

A. H. Elftman’s series: Nos, 449-526; 556-558. 
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CHAPTER XXV. 


THE GEOLOGY OF THE GUNFLINT LAKE PLATE.* 


By U.S. GRANT. 


Situation and area. The Gunflint Lake plate is situated on the northern edge of 
Cook county, and borders on Canadian territory. On the west is the Akeley Lake 
plate (No.81), and on the east the Rose Lake plate (No. 83). The Gunflint Lake plate 
includes Ts. 64-2, 64-3, 65-2 and 65-8, west of the fourth principal meridian, but the 
last two townships are. not complete, running into Canadian territory. The plate, 
inclusive of water surface, contains, approximately, 105 square miles. 


SURFACE FEATURES. 


Topography. In this plate there are three distinct types of topography, a south- 
ern, a central and a northern. The southern and the northern are not developed in 
the two plates to the west (Akeley Lake and Fraser Lake plates), except that the 
northern begins in the eastern part of the Akeley Lake plate. 

The southern type of surface is rugged and almost mountainous. It consists of 
ridges, known as the Misquaht+ hills, which lie along the south side of Winchell 
lake at the southern edge of T. 64-2. The Misquah hills form the highest land in 
Minnesota, and within the area of this plate are the highest and the third highest 
points known in the state. The highest point is the hill top at the east side of sec. 
39, T. 64-2. This is 2,230 feet above sea level.t The third highest point is the hill 
in the northern half of section 34, of the same township, which is 2,213 feet above 


*The area included in this plate has been examined in part, at various times, by different parties of the survey, and a 
considerable part of the field notes has been published. The individuals who did the work, the dates of the work and the places 
of publication are as follows: N.H. WINCHELL, field work of 1878, Ninth Annual Report, pp. 80-83; field work of 1879, 7'cnth 
Annual Report, pp. 79-88; fleld work of 1887, Sixteenth Annual Report, pp. 05-79; field work of 1806, Twenty-fourth Annual Report 
A. WINCHELL, fleld work of 1887, Sirfeenth Annual Report, pp. 233-274. H. V. WINCHELL, fleld work of 1888, Seventecn(h Annual 
Report, pp. 104-108. U.S. GRANT, fleld work of 1888, Seventecnth Annual Report, pp. 152-159, 160-176; field work of 1898, Twenty- 
form Annual Report, 

The writer, in 18%, examined a considerable part of the area of this plate described previously by others in the annual 
reports of the survey. The examination of Ts. 65-2 and 65-3 was conducted in more detail than the rest of the plate. In these 
townships the shores of practically all the lakes were examined and many of the north and south section lines were followed, and 
in places the topography was relied upon for the location of geological boundaries. In Ts. 64-2 and 64-3 no detailed examinations 
were conducted and large parts of these townships were not visited. A considerable amount of information has been collected 
concerning the Canadian shores of Gunflint lake, but is not included in this chapter. The time allowed for the preparation of this 
chapter will not permit of detailed descriptions: hence only a general preliminary account of the geological features of the district 
Is given, but it is expected that future work will not alter the main points presented. 

+ The Chippewa word for red. The rock of the hills is red granite. 

+The hight was not absolutely determined by leveling, but from the hill in the northern half of sec. 34, T. 62 (which by 
ae bi rei to be 2,213 feet above the sea), this highest point was determined to be higher, and it was closely estimated to be 

’ eet. 
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the sea. The Misquah hills are a conspicuous feature of the district, not only on 
account of their hight but also because of the marked red color due to the “red 
rocks” or Keweenawan granites which compose them. This redness is very marked 
in places, especially where the hills have been overrun by fires, exposing bare rock 
over considerable area. | 

The central type of surface is the comparatively level plateau underlain by the 
gabbro. This level country has already been spoken of in the description of the 
Fraser Lake plate (chapter xxiii), and need not be discussed here. It is in marked 
contrast with the hilly region to the south which rises higher than this plateau, and 
also with the hilly region to the north which, however, where it joins with the plateau, 
is of about the same altitude as the plateau, but towards the north becomes lower. 

The northern type of surface is distinctly characteristic of the region underlain 
by Animikie rocks in Cook county. It consists of long, parallel ridges running 
approximately east and west, with sharp mural escarpments on the north sides of 
the ndyes and on the south gentle slopes. Between the ridges and running parallel 
with them are long lakes. | | 

A generalized section from north to south through this northern region is as 
follows: First a long, narrow lake; on the south side of the lake a steep talus slope, 
beyond which is a vertical cliff composed of slates dipping southward at a small 
angle. The top of the cliff is composed of a sill of diabase which has been intruded 
between beds of Animikie slate. Beyond the top of the cliff the land rises gradually 
for a short distance until coming almost to the top of the diabase sill. Then begins 
a long, gentle slope southward about on the upper surface of the sill. This slope, 
however, does not extend far enough to bring one to the level of the northern foot 
of the ridge. Beyond the gentle slope comes another lake, considerably higher 
than the former, and on the south side of this the talus, the cliff and the gentle 
southward slope are again repeated. 

As an example of how the general land surface and the lake levels rise toward 
the south, in the northern part of this plate, we may cite Gunflint lake which 1s 
1,547 feet above sea level, while less than a mile to the south is Loon lake, nearly 
200 feet higher, and less than half a mile south of the latter is Mayhew lake, over 
a hundred feet above Loon lake. 

One of the best examples of the northward facing escarpments peculiar to the 
Animikie area is mount Reunion on the south shore of Rove lake (to the east of 
the Gunflint Lake plate), as shown in figure 3 of plate NN. Here is the lake, the 
talus slope and the cliff, all in marked development. The lower half of this cliff at 
mount Reunion is of slate, and the upper half is a diabase sill.* Another similar 


*No. 2064. 


Grov-. Nat. Hist. Sur. MINN. : PratrE NN. 


Fic. 1. View LOOKING NORTHWEST ACROSS THE WEST END Fic. 2. Rost LAKE MOUNTAIN, SOUTH SIDE OF Rost LAKE, 
OF GUNFLINT LAKE. GRANITE RANGE IN THE DIS- FROM THE NORTH. SIMILAR IN STRUCTURE TO FIGURE 3. 
‘N € e 
TANCE. (p. 483.) (pp. 483, 492.) 


‘IG. 3... Mount REUNION, SOUTH SIDE OF ROVE LAKE, FROM Fic. 4. SOUTHWARD DIPPING RIDGE OF ANIMIKIE SLATE, 
THE NortH. THE Lower HALF OF THE CLIFF IS OF CAPPED BY A DIABASE SILL, VIEWED FROM THE WEST. 
ANIMIKIE SLATES AND THE Upper Hatr I8 A DIABASE East SIDE, NEAR SOUTH END OF SoutTH FowL LAKE. 


SILL. (No. 2064.) (pp. 482, 492.) (pp. 483, 496.) 
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cliff is Rose Lake mountain, shown in figure 2 of plate NN, while figure 4 of the 
same plate shows a north and south section through one of these ridges. This is 
at the east side, near the south end of South Fow! lake. 

The numerous lakes, elongated in an east and west direction, of the Animikie 
area, as well as the numerous northward facing cliffs, suggest the probability of a 
series of comparatively recent east and west fault lines along the north sides of 
which the strata were depressed. The same elongation of the lakes is to be noticed 
in the gabbro area to the south, especially in T. 64-2, but here there is no high land 
or cliff on the south side of each lake. (While these lakes may, in part at least, owe 
their existence to dams of glacial deposits, still the east and west troughs in which 
they lie are not due to drift deposits, but are troughs in the bed rock.) As will be 
stated in the paragraphs devoted to the Animikie, the evidence for profound faulting 
in these strata, aside from the evidence of topography, is small. It seems that the 
present surface configuration could have been brought about by erosion acting on 
gently inclined strata of different degrees of resistance, the thin bedded and fissile 
Animikie slates being much more susceptible to disintegration and erosion than the 
diabase sills. And even the gabbro has an indistinct sheeted structure dipping off 
at a low angle toward the south (figures 5 and 6, plate MM). 

To the north of this plate, ¢. e., along the north shore of Gunflint lake in Cana- 
dian territory, the rugged Archean type of topography, as already mentioned in the 
description of the Fraser Lake and Akeley Lake plates, is well developed; and the 
Giant’s range, here composed of granite, runs eastward from the north end of Mag- 
netic lake. 

A view, looking northwestward from the high diabase crowned ridge (Prospect 
mount) at the south side of sec. 29, T. 65-8, is presented in figure 1 of plate NN. The 
large body of water is Gunflint lake; the point in the foreground is the point on the 
- south side of the lake in sec. 30, T. 63-8; the narrow channel of water in the centre 
is the constriction between Gunflint and Magnetic lakes; the small point to the right 
and in front of the constriction is the point on the south side of Animikie bay; the 
water beyond the constriction is Magnetic lake; the low hills beyond Gunflint lake 
are southward-sloping Animikie ridges, while in the distance are the granite ridges 
of the Giant’s range, the highest land in view. 

The lowest water in this area is that of Gunflint and Magnetic lakes, 1,547 feet 
above sea level, and the highest hill, south of the east end of Winchell lake, is 
2,230 feet above the sea, making a difference between the extremes of elevation of 
685 feet. 

Drainage. The area of the Gunflint Lake plate hes in two great continental 
drainage basins, that of Hudson bay and that of the gulf of St. Lawrence. The divide 
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on the international boundary line between these two systems of drainage is the 
portage connecting North and South lakes. The former is 1,550 feet above sea level, 
and the latter 1,558 feet, and along the portage a hight of 1,600 feet is not reached, 
In the Hudson bay basin North, Emma, Portage, Mayhew and Loon lakes flow into 
Gunflint lake, while Tucker lake and the bodies of water in the western part of T. 
64-3 empty into Cross river (see Akeley Lake plate), which finds its way into Gunflint 
lake. The waters of this lake flow northward to Saganaga lake and then westward 
to Lake of the Woods. In the St. Lawrence basin the waters of South lake and some 
of the smaller lakes immediately adjacent find their way through the Arrow and 
Pigeon rivers into lake Superior, while the lakes in T. 64-2 and the eastern part of 
T. 64-3 empty into lake Superior through the Brule river. 

The drift. Very little is known concerning the glacial deposits of this plate 
In general it may be stated that the drift is comparatively thin or almost lacking; 
this is especially the case in the northern third of the plate, more so than in the 
southern two-thirds. Weathered rock is not common and was evidently removed by 
glacial action. The direction of the last glacial movement, as recorded by stria, was 
approximately towards the south, thus differing from the movement to the west in 
Lake and St. Louis counties, which was toward the south-southwest or southwest. 
It is to be noted that this direction of movement was directly at right angles with the 
long axes of the lakes. No terminal moraines have been recognized, although it is 
not intended by this to state that none exist. There are some drift hills west of 


Loon lake. 
GEOLOGICAL STRUCTURE. 


Brief sketch of the rocks, As in the Akeley Lake plate we have three distinct 
systems of rocks: the Archean, the Animikie and the Keweenawan. The first is 
confined entirely to Canadian territory, except, possibly, a small area of granite on 
the south side of Magnetic lake at the. extreme western side of the plate, and will 
not be discussed. North of Gunflint lake are slates, semi-crystalline and crystalline 
schists and granite. The schistose rocks have a general east and west strike and 
high dip. Lying on the eroded edges of those schists, and also in places on the 
granite, are the Animikie rocks dipping at a low angle to the south. Above these 
and to the south is the vast mass of the gabbro. The geological structure is thus 
essentially the same as in the plate to the west (Akeley Lake). 

The Animikie, This plate contains the most easterly of the iron-bearing rocks 
of the Mesabi iron range in Minnesota, and is therefore of considerable interest. 
The three members of the Animikie exposed here are the taconyte or iron-bearing, 
the black slate and the graywacke slate members. These three divisions are all well 
exposed, and it was in this district that it was found possible to separate the Ant- 
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mikie strata into the three members just mentioned. They are quite distinct from 
each other in lithological characters, and, because of this, large east and west faults, 
which have been supposed to exist, in order to account for the peculiar topography 
of the Animikie district, would be easily recognized. As a matter of fact, there is no 
evidence yet found in the sequence of strata which would indicate east and west 
faults of a throw of many feet. The thin bands of magnetite and the peculiar 
spotted taconyte of the lower member have not been found to the south of the upper 
limit of this member; and the same can be said of the dense black, sometimes 
massive, rocks of the black slate member. If either of these rocks occurred to the 
south of their normal position, as would be the case if there were east and west faults 
with a down throw on the northern side sufficient to cause the high cliffs, these rocks 
would be readily recognized on account of their marked petrographical peculiarities. 

One of the best places to see the complete sequence of strata in the vicinity of 
one of the supposed fault scarps is on Cross river, in the 8. KE. 4 sec. 24, T. 65-4, just 
west of the limits of the Gunflint Lake plate. Here there is acontinuous exposure 
from the magnetic slates of the taconyte member through one of the sills and up into 
the black slate member. This locality was visited in 1896 by Messrs. N. H. Winchell, 
H. F. Bain, A. H. Elftman and the writer, and all agreed that, at least at this cliff, 
there was no vertical fault. The question of the existence of north and south faults 
in this district has not been investigated carefully, but, as far as now known, the 
evidence for such is comparatively slight. 

The Animikie rocks have a general south to south-southeast dip, which varies 
from 5° to 30° or even steeper. The large majority of the exposures show a dip of 
from 6° to 12°, and the average has been estimated at about 10°, or possibly less. 
The high dips are found at the southern edge of the Animikie area where these 
strata disappear under the gabbro. Almost invariably the southern exposures of the 
Animikie within a few rods of the gabbro contact show a dip of not less than 15°. 
While this gentle southward dip is characteristic of the whole formation, there are 
some minor irregularities, especially near the base of the formation, showing a gentle 
folding by a force acting in a north and south direction, and there are also indica- 
tions of pressure at right angles to this direction. The lower part of the taconyte 
member north of Gunflint lake is sometimes considerably contorted, and in places 
brecciated. A breccia plane has already been mentioned under the description of 
the taconyte member in the Akeley Lake plate, and another small horizontal plane 
of brecciation has been noted in the black slate member at the eastern edge of the 
Gunflint Lake plate and about an eighth of a mile south of South lake (No. 1000G). 

The thickness of the different parts of the Animikie in the Gunflint Lake and 
Akeley Lake plates is not definitely known, but the following estimates have been 
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made of the maxunum thickness of each member, assuming an average dip of 10°, 
and the absence of faults and folds which would make the apparent thickness greater 
than the real. 


Marimum thickness of the Animikie in feet. 


Sediments. Diabase. Total. 

Graywacke slate member, — - - - - - 1,650 200 1,900 

Black slate member, - - - : - 950 100 1,050 

Taconyte or iron-bearing member, - : - - 825 1a 900 
Quartzyte (Pokegama) member lacking, - eB rene 

Total, - - - - - - - 3,425 425 3,850 


(1). Tuconyte or iron-bearing member, The rocks of this member of the 
Animikie are essentially the same as in the eastern part of the Akeley Lake plate, 
but towards the east, especially between North and (iunflint lakes, banded jaspers 
are not uncommon. In this same vicinity are found some peculiar, spotted, green 
rocks (Nos, 1276 and 10054), which seem to contain some of the original glauconite 
which has been considered as the original source of the iron ore of the Mesabi range.* 
Another peculiar type of rock is one which is most commonly seen in pebbles and 
fragments on the beaches. It is blood red in color and is very hard (No. 1004), 
On inspection the rock is found to be composed of bright red, rounded grains, 
smaller than an ordinary pin’s head, imbedded in a darker matrix. Under the 
microscope the red grains are seen to be hematite with some fine-grained quartz, 
and the matrix is composed entirely of this fine-grained quartz which is so common 
to the taconytes and jaspilytes. 

On the north shore of Gunflint lake a peculiar part of the taconyte member is 
a rough conglomerate, or more likely a breccia, of flint fragments cemented by 
limestone (Nos. 312, 1310, 1311 and 815W). Near the east end of this lake and on 
the north side the base of the Animikie is somewhat conglomeratic (Nos. $12W and 
436H), but in thin section many of the apparent pebbles which are even a quarter 
of an inch in diameter are seen to be concretionary in structure, being composed of 
concentric rings of limonite and fine-grained quartz. The matrix is of the usual 
fine-zrained quartz of the taconyte. 

(2). Black slate member, Comparatively few outcrops of this member occur 
in this plate, but some are seen near the south shores of Gunflint and South lakes. 

These exposures ate of very fissile, black, carbonaceous slates. In one place, 
on the northern slope of Prospect mount, which is the high hill near the southem 
edge of sec. 29, T. 65-3, some small white or colorless crystals occur in this black 
slate; they have not yet been fully studied (Nos. 970G, 972G, 973G).+ 


47, E. Spurn. Bulletin or. 

+ Under date of May 2, 1888, Prof. N. H. Winchell writes from Paris, concerning these rocks, as follows: 

“No. Ww0G. The nearly isotropic substance is kaolinic—a result of decomposition of cordierite or of andalusite, probably 
the former. 

“No, (2G, Similar to No. %0G, but coarser and showing some muscovite as a part of the alteration product. 

“No. 973G. This is similar, but still coarser. The forms (and some of the original material) of the andalusite are still 
visible. This slide indicates andalusite rather than cordicrite, but neither can be affirmed. Some f specimens of this slate 
might show good crystals and characters of cordierite or of andalusite. resh | 

“Prof, A. Lacroix, who made the above notes on these slides, says he has seen in his collections from the Pyrenees ident 
cally the same transformations of his slates, subsequently altered to kaolinite, but in his case the intrusive rock is ite.” 
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As stated in the description of the Akeley Lake plate the black slate member 
can readily be separated from the taconyte member near the mouth of Cross river. 
The massive part of the black slate member which occurs here is not seen in the 
Gunflint Lake plate, as it lies largely below the waters of Gunflint lake, and at the 
east end of this lake where this part probably exists is low ground with no exposures. 
Between this member and the graywacke slate member above there is not such a 
sudden transition as at the base of the black slate member. A convenient line of 
separation between the two upper members is the large diabase sill lying between 
Gunflint and Loon lakes and extending eastward just south of South lake. 

(3). Graywacke slate member, This member is composed of black to gray slates 
and fine graywackes, with some flinty slates. The upper part shows coarser detrital 
matter, and the highest beds seen are fine-grained quartzytes and quartz slates. The 
strata of this member are well exposed along the south side of Loon lake and espe- 
~ cially on the north side of the long point (sec. 35, T. 65-3) on the south side of this 
lake. Towards the west end of the lake some fine-grained quartzytes occur. 

(4). Diabase sills. Associated with all members of the Animikie are extensive 
sheets of diabase which have been intruded between the Animikie strata, and which 
are now exposed over considerable distances. As has been stated in the discussion 
of the topographic features of this plate, the sills, called the Logan sills,* cap the 
precipitous hills of the region and form a large part of the rock exposed on the gentle 
southern slopes of these hills. In this way the sills, as far as surface exposure goes, 
make up a large part—in places over a third- of the Amimikie, but the actual thick- 
ness of these sills is nowhere near a third of the thickness of the Animikie. The sills 
were intruded along planes of weakness in the Animikie strata, 7. e., mainly between 
the different beds. They are not always continuous over long distances, although fre- 
quently several miles in length. The most pronounced of these sills is that which 
caps the highest ground between Gunflint and Loon lakes and extends eastward close 
to the south shore of South lake. This sill is nearly if not quite 100 feet in thick- 
ness. A section through this and an adjoining sill is shown in the accompanying 
illustration (figure SS): 

All of the diabasic rock in the Animikie within the area of this plate is regarded 
as intrusive, and no evidence of cotemporary volcanic activity is known.t 


An important point in regard to these diabase sills is their relation tothe gabbro. It may be said at once 
that we do not have positive knowledge that the gabbro and the sills are of the same date and are the same rock, 
the sills being simply offshoots from the main gabbro mass. The two rocks are in general of the same chemical 
and mineralogical composition; they are both later than the Animikie; they occur in close proximity to each other, 
The writer is inclined to separate the diabase sills from the gabbro, but admits that this separation is not yet 
proven. In this connection, it will be well to make some statements concerning the differences between the sills 
and the gabbro, but it must be borne in mind that these statements are made without an opportunity for careful 
and thorough microscopical and chemical investigations. The differences here stated are those which exist in 


*Cf. A.C. LAwBoN. Bulletin viii. 
{A.C. Lawson. Bulletin vitt, p. 48, 
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the locality where the two rocks come most closely together, 7. e., in the vicinity of Gunflint and Loon lakes, and 
it is here that we would expect likeness rather than differences, if the two rocks were the same. The similarity of 
the two igneous rocks, at a considerable distance from each other, when they differ near together, is not good 
evidence of their sameness and actual continuity. 


FIG. 88. SECTION NORTH AND SOUTH THROUGH THE NORTH PART OF PROSPECT MOUNTAIN. 
8. W. % sec. 29, T. 65-3 W. 


1. The sills are considerably altered, 7. e., the pyroxene has usually largely been replaced by secondary 
minerals, while the gabbro is usually fresh and the olivine as well as the pyroxene is usually unaltered. 

2. The sills are essentially non-olivinitic; at least traces of olivine, even when altered, are not common. 
The gabbro is normally olivinitic. 

3. The sills are quite rich in ferro-magnesian minerals, giving a dark gray or black color to therock. The 
gabbro is usually rich in feldspar and rather poor in ferro-magnesian minerals, and the rock is light gray in color. 
When a basic mineral predominates, it is mostly iron ore, which is not the case with the sills. 

4. The sills are in structure ophitic; the gabbro is granitic. This holds true also of the coarsest grained 
sills, and of the finest grained gabbro. In this connection, it might be well to mention some sills in the Animikie 
at Akeley lake in the Akeley Lake plate; these are apparently of gabbro. They are fine grained at their edges, 
but even here the structure is more nearly that of the gabbro, and not that of the ordinary sills. 

5. The sills are very fine grained, almost glassy at the lower and upper sides, even in the thickest sills. 
The gabbro is not: very tine grained at the contact with the Animikie rocks, and even on the edges of the apparent 
gabbro sills mentioned above, the fineness of grain nowhere approaches that of the edges of the ordinary sills. 

6. The sills, even the largest ones, have macroscopically altered the Animikie rocks for only a very few 
feet, or even inches, from the contacts, while the metamorphism of the Animikie at the gabbro contact is pro- 
found, extending for a distance of several rods. 

7. The gabbro and sills have not been traced together; neither have they been found in contact. In 
the map the sills have not been shown in contact with the gabbro; this is on account of lack of exposures. They 
may, of course, come into actual contact with the gabbro. 

8. Where the sills and the gabbro come nearest together the two rocks are easily distinguished, even in 
the field. The few specimens about which there is question have been, as far as examined microscopically, easily 
referred to one or the other. 

If we assume that the sills are of a different age from the gabbro, we then have little evidence in the area 
of this plate as to their relative age. They have been referred to as post-Keweenawan in age, or possibly as late 
as the Silurian.* The writer, while not being able to make any positive statement regarding the age of these 
sills, still is inclined to the idea that they are of earlier date than the gabbro. 


The Keweenawan. As in the Akeley Lake plate the rocks of the Cabotian divi- 
sion of the Keweenawan are separable into the usual gabbro, granite and fine-grained 
gabbros, the last not being developed in such large amount as in the Akeley Lake 


*4.C. LAWSON. Bulletin viii, p. 47. 
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plate. The Keweenawan rocks cover all of Ts. 64-2 and 64-3 and extend half a mile 
or more beyond the north limits of these townships. | 

(1). The gabbro. The gabbro mass underlies nearly all the Keweenawan area 
of the plate; the only exception being a narrow belt of granite along the southern 
side of the plate. It is the usual gabbro and need not be described in detail. In 
some places, especially about Poplar lake and the series of lakes in secs. 7, 8, 9 and 
10, T. 64-2, and secs. 10, 11 and 12, T. 64-8, there are numerous exposures where 
the gabbro is considerably finer grained than is usual, but still not as fine asthe - 
fine-grained gabbros seen elsewhere. This vanety of the gabbro (represented by 
Nos. 989G, 990G and 991G) in places does not seem to be sharply marked off from 
the ordinary type of coarse gabbro, but elsewhere the two facies are seen in sharp 
contrast. A few yards east of the south end of the portage, which runs from 
Tucker lake to the long lake a mile south of Tucker lake, and back a little from the 
water (S. W. 4 N. W. 4 sec. 11, T. 64-38), the two facies of the gabbro are seen 
intimately interbanded. The bands are very sharply separated from each other, 
and the coarser gabbro (No. 989aG) seems to have intruded the finer (No. 989G), 
The accompanying sketch shows this interbanding, which dips to the south about 15°, 


(.".] Coanse grained gobbro (69a6y/, ae 
C_] Fine grained gabbro (9896); ~ 


FIG. 8. INTERBANDING OF FINE AND COARSE-GRAINED GABBRO. 
8S. W.4N. W. % sec. il, T. 64-8 W. 


In the vicinity of Iron and Mayhew lakes, the gabbro is highly charged with 
magnetite, and becomes in places an ironore. The ore, however, is highly titanifer- 
ous, and there is a large quantity of it to be seen. Two analyses of this iron ore 
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from Iron lake show, respectively, 58.48 and 52.46 per cent of metallic iron, and 12.09 
and 2.23 of titanium binoxide. 


ECONOMIC RESOURCES. 


Aside from the timber, iron ore is the principal object of economic interest in 
the area of this plate. Near the bottom of the Animikie on the north side of Gunflint 
lake, and between this lake and North lake, magnetic iron ore occurs in many places. 
_No large and economically important deposits have yet been found, but the future 
may show that such exist. Considerable hematite and limonite have been reported 
from Canadian territory near the east end of (iunflint lake. Considerable deposits 
of titaniferous magnetite occur in the gabbro at Iron and Mayhew lakes, and 
elsewhere. 

Nickel ore of considerable richness has been reported from several places in this 
plate, but the survey has had no opportunity to examine the reported finds. Nickel 
occurs in small quantity in parts of the gabbro, especially in the olivine, and it is not 
improbable that in certain places the nickel is concentrated sufficiently to furnish a 
yood ore. In this connection, it may be said that no well authenticated report of 
nickel ore of sufficient richness and extent for profitable mining has yet been pre- 
sented. It is understood that the first reports of the finding of rich nickel ore were 
from the N. W. 4 see. 25, and N. E. 4 sec. 26, T. 64-2. 


GEOLOGICAL MAP. 


The contour lines in the area of the Animikie rocks are approximately correct. 
It may be stated that the contour lines here and in the vicinity of the iron-bearing 
rocks in the Akeley Lake plate are more nearly correct than elsewhere in Cook and 
Lake counties. The boundary lines between the diabase sills and the Animikie are 
in some cases drawn from topographic data. The northern limit of the Keweenawan 
granite is only approximate. Otherwise, the geological boundaries are fairly correct. 


ROCK SAMPLES. 


The following rock samples have been collected within the area of the (Gunflint 
Lake plate. This list includes the specimens collected in Canadian territory adjoining 


this plate: 


N. H. Winchell’s series: Nos. 304-312; 693-714; 717-727; 1270-1317; 2051; 2054-2061. 

A. Wincehell’s series: Nos. 655B, 656B; 657-659; 674-749; 777-821. 

H. V. Winchell’s series: Nos. 433-4454, 

U.S. Grant's series: Nos. 8-42; 46-60; 170-201; 951, 952; 962; 967-967F; 970-1008C. 
' A. H. Elftman’s series: Nos. 527-555. 
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CHAPTER XXVI. 


THE GEOLOGY OF THE ROVE LAKE PLATE." 


By U.S. GRANT. 


Situation and area, The Rove Lake plate is situated in the centre of the northern 
part of Cook county and borders on Canadian territory. On the west is the Gunflint 
Lake plate (No. 52) and on the east the Mountain Lake plate (No. 84). The Rove 
Lake plate includes Ts. 63-1 E., 68-1 W., 64-1 E., 64-1 W., 65-1 E. and 65-1 W. of the 
fourth principal meridian, but the last two townships are not complete, running into 
Canadian territory. The plate, inclusive of water surface, contains approximately 


175 square miles. 
SURFACE FEATURES. 


Topography. Here we have the same three types of topography as in the plate 
to the west (Gunflint Lake plate)—a southern, a central and a northern. The first 
occupies the southern half of the plate. Here are several marked hill ranges running 
nearly parallel with each other and extending east and west. They are in the main 
composed of red granitic rocks. The most southern range is the one crossed by the 
Grand Marais and Rove Lake road at the southern edge of T. 63-1 E.; the ridge is 
at this place known as Pine mountain. Farther west, especially along the south side 
of Little Pine lake, it is more marked, and reaches an elevation of 2,000 feet in 
one place. Along the south side of South Brulé riveris another of these ridges which 
is 2,150 feet high near the west line of T. 63-1 E., and which culminates in Brule 
mountain, three miles to the west. As determined by level the summit of this hill 
is 2,170 feet above sea level. It does not appear as a very noticeable ridge from the 
south, but on the north it descends very rapidly to the Brulé River lakes, which are 
521 feet below the summit, On the south of Brulé mountain is lake Abita—2,048 feet 
above tide -the highest recorded lake in Minnesota, but the pond just to the east is 


* The area of thix plate has been visited by different parties of the survey and most of the fleld notes have been published. 
The individuals who made the examinations, the dates of the work and the places of publication are as follows: N.H.WINCHELL, 
field work of 1878, Seventh Annual Report, pp. 17,18, and Ninth Annual Report, pp. 77, 80; fleld work of 1879, Tenth Annual 
Report, pp. 66-60, 74-79: field work of I887, Sirleenth Annual Report, pp. 61AN; fleld work of 1806, Twenty-fourth Annual Report 
A. WINOHBLL, field work of 1887, Sirleenth Annual Report, pp. 273-280. : 

No detailed work has been done within the area of this plate and our information con -crning it is much less exact than is 
the case with the two plates to the west. The information at hand has been collected chiefly from trips (1) Along the Grand 
Marais and Rove Lake road, (2) Through Little Pine, Clubfoot, Abita, Brulé River and Little Trout lakes and the lakes in the 
western part of T. 64-1 W., and (3) Along the lakes of the international boundary. The author has done no field work within the 
area of this plate, but has passed through parts of it. 
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probably a few feet higher. The Misquah hills extend along the south side of T. 
64-1 W., and have already been mentioned in the description of the Gunflint Lake 
plate as running along the south side of T. 64-2 W. In this hill range east of Misquah 
lake,at the southeast corner of sec. 32, T. 64-1 W., is the second highest point known 
in the state—2,223 feet, as determined by level. . 

The central type of topography, comprised in the comparatively level district 
underlain by the gabbro, is well developed in T. 64-1 W., especially in the district 
lying between Cross and Poplar lakes. 

The northern type of topography is characteristic of the northern third of the 
plate, and has been mentioned with some detail in the description of the plate to 
the west (Giunflint Lake plate). It consists of the parallel, east and west ridges, 
capped by diabase sills and underlain by Animikie slates, which have steep mural 
escarpments on the north and gentle slopes on the south. This type of topography 
is here even more strikingly developed than in the Gunflint Lake plate. The most 
pronounced hills of this type are those seen along the sonth shores of the inter- 
national boundary lakes. At Rose lake these hills are nearly everywhere more than 
300 feet above the lake level, while at Rove and Mountain lakes they are still 
higher, reaching 400 feet or more above these lakes. Two quite prominent peaks 
occur in this hill range, one known as Rose Lake mountain and the other as mount 
Reunion. The first is south of Rose lake, at the western side of sec. 91, T. 65-1 W. 
and is 1,997 feet above sea level or 469 feet above the lake (see figure 2 of plate 
NN). The second, mount Reunion, is south of Rowe lake in the western part of 
sec. 22, T. 65-1 E. ‘A photograph of this hill, taken from the northwest, 1s shown in 
figure 3 of plate NN. The top of the talus slope was found by aneroid barometer 
to be 210 feet above Rove lake. This talus is composed of large angular fragments 
of slate and diabase; many of these fragments shown in the photograph are ten to 
fifteen feet across. Above the talus is a cliff whose vertical face is about 200 feet, 
or possibly more, making the hight of the summit over 400 feet above Rove lake or 
approximately 2,075 feet above the sea. The lower half of the cliff is composed of 
Animikie slates and slaty quartzytes, and the upper half is a diabase sill (No. 2064) 
which presents a columnar appearance, although this also extends into the slate. 
The line of junction between the slate and diabase can be seen in the photograph. 

The lowest water in this area, Rose lake, is 1,528 feet above sea level, and the 
highest point, the hill less than a mile southeast of Misquah lake, is 2,228 feet, 
making a difference between the extremes of altitude of 695 feet. 

Drainage. The area of the Rove Lake plate lies in the drainage basin of the 
gulf of St. Lawrence, and the waters drain into lake Superior through the Pigeon 
and Brulé rivers. The former stream carries the waters of the lakes in the Animikie 
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area, but some of these, as Rose and Duncans lakes, empty into the Arrow river, a 
tributary of the Pigeon. The lakes south of the Animikie area are al] drained 
through the Brulé river. | 

Lhe drift. Drift deposits in this area are more extensive than in the three plates 
to the west, yet outcrops of the underlying rock are not scarce, especially along the 
north side of the hill ranges. In Ts. 63-1 E. and 64-1 E. the mantle of drift is some- 
what thicker than elsewhere in this plate, and is composed in large part of material 
of local derivation. North of the North Brulé river, in secs. 20, 29 and 30, T. 64-1 E., 
are Some morainic hills, and these have been thought by Mr. Warren Upham to belong 
to the eleventh (or Mesabi) of the Minnesota moraines. There are drift hills also 
between Rove and Rose lakes, and on the portage between these lakes is a noticeable 
kame.* The general ice-motion, as last recorded, was approximately from the north. 


GEOLOGICAL STRUCTURE. 


The Animikie. The black slate member of the Animikie is found only over a 
small area in this plate. As far as known it is confined to a narrow belt along the 
south sides of South and Rose lakes, and passes into Canadian territory at the east 
end of the latter lake. It probably extends for some distance north of the interna- 
tional boundary line, running at least to Arrow lake (see rock No. 802), 

The remainder of the Animikie area, which runs as far south as the south side 
of Crocodile lake and is here about five miles in width (from north to south), is under- 
lain by the quartzyte and slate member and the diabase sills. At mount Reunion 
this member of the Animikie forms a large part of the perpendicular cliff already 
mentioned (see figure 3 of plate NN), and specimens collected here (Nos. 2062 and 
2063) are fine-grained quartzytes or quartz slates, quite characteristic of this member 
of the Animikie, | 

The Animikie strata lie nearly flat ordip in general towards the south or south- 
Southwest at avery low angle. The average dip is less than in theGunflint Lake 
plate. There is also evidence of faulting in the Animikie in the Rove Lake plate, 
but this has not been worked out in detail. While the general dip of the Animikie is 
as above stated, there are some exceptions, as noted in the following paragraph: 


“On the portage from Clearwater lake to Mountain lake the trail passes over an interval near the summit 
of the divide where the quartzyte dips northwest. Several short, low, sharp mono-clinals occur, crossing the trail 
diagonally. They are inconspicuous compared with the mono-clinals dipping in the other direction. The high 
hill, however, facing on Mountain lake, just east of where the trail strikes it, dips in the opposite direction. 
Another point where the slate dips northwardly may be seen along the east end of Caribou lake on the north 
side.” 


The diabase sills of the Animikie, which have been discussed in the description 
of the Gunflint Lake plate, exist here in large numbers. Some of them, especially - 


—_—_—_. 


*See page 837 of this volume. 
tN. H. WIncHELL. Ninth An nual Report, p. 79. 
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that along the south side of Rose lake and that along the south side of Rove and 
Mountain lakes, form very prominent features of the land surface. The first of these 

appears to pass into Canadian territory between Rose and Rove lakes,” and it, as 
" well as the second, is in places over 100 feet thick. 

The Keweenaran. In this plate the rocks of the Cabotian division of the 
Keweenawan are separated into two groups, the gabbro and the red rock. The 
gabbro is seen in typical development about Cross, North Brulé, Caribou and Poplar 
lakes, in the western part of T. 64-1 W. To the east of these lakes the gabbro area 
has not been examined carefully, and the limit of the eastward extension of the 
typical gabbro is not known definitely. It has been reported from the Grand Marais 
and Rove Lake road, in the eastern part of T. 64-1 W., and also near the trail which 
runs from this road to Round lake, in the western part-of T. 64-1 E., but specimens 
have not been collected from these places. The mapping of the gabbro to the east 
of the western part of T. 64-1 W. is accordingly somewhat uncertain. 

South of the gabbro is a considerable area which is underlain in large part with 
“red rocks.” These vary considerably in grain and in composition, and have associ- 
ated with them more basie rocks, such as diabase. From the available information 
it is not possible to separate with certainty the different parts of this red rock series. 
In some places the rocks are quite acid, and may be termed granites. Close by there 
are other coarse-grained rocks, still red in color, which are more basic, and may be 
altered gabbros (Nos. 644, 648, 649, 674, 675). The relations of these two facies of 
what is mapped as red rocks are not known. In places, as near Misquah lake, the 
red rocks evidently are surface volcanics (Nos. 647, 653, 685, 687, 1265), and some show 
the secondary micropoikilitic groundmass which is so common among the aporhy- 
olytes and apotrachytes found on the lake Superior shore. 

Associated with these red rocks are other more basic rocks, porphyrytes and 
diabases. These seem to occupy a belt just to the south of the Misquah hills, and are 
also found further west at Brulé lake. In this belt two sections were taken, which 
are as follows: | 


Section 1.~ Near Little lake on the north edge of sec. 8, T. 63-1 W. In descending order. 

Red granite (not actually seen in place). 

No. 678. A diabase of medium grain, somewhat decayed. Fifteen feet. 

No. 679. A rock with a black, aphanitic groundmass in which are red porphyritic feldspars. The ground- 
mass is decayed, but the rock seems to be a diabase porhyryte. Four feet. 

No. 679A. Same as No. 679 except that the porphyritic feldspars are, in the main, gray, instead of red. 
Bight feet. 

No.680. There are twospecimens of this; one is dark-red in color, is very fine-grained, seems to be amygda- 
loidal and is somewhat porphyritic with small feldspars. The other specimen seems to be fragmental and the 
section shows apparently a tuffaceous rock made of glass fragments now deritrified. Eighteen feet seen. 

The dip of the above beds is 10° towards the southwest. 

Section 4t Hill on right of portage from Little lake to Little Trout lake, sec. 5, T. 63-1 W. In descend- 
ing order. 


* There is a possibility that the two sills are the same and are continuous from Rose to Rove lakes. 
+N. A. WIncHKeLE. Tenth Annual Report, p. 16. 
$ Dvid., p. 77. 


THE ROVE LAKE PLATE. 495 
Rock samples. } 
No. 681. A very fine-grained black rock composed largely of small plates of feldspar. Twenty feet seen. 
No. 682. A diabase porphyryte with large porphyritic feldspars, red to gray in color. On the side of one 


of the specimens is a small mass of black rock looking like a suddenly cooled diabase. Thirty-five feet. 
No. 683. A medium grained diabase. Twenty feet. Below is a talus of fifty feet where the rock is 


unknown. 
No. 684. <A considerably finer diabase. This occurs further north and is in a layer four feet in thickness 


included between some of the beds of porphyryte (No. 682) near the bottom of the same. 
The dip of the above beds is 20° towards the southeast. 


GEOLOGICAL MAP, 


The contour lines in the western half of the plate are approximately correct, 
but elsewhere contours are largely omitted on account of lack of data for drawing 
them. The geological boundaries can be regarded as only approximately correct 
as our information concerning this plate 1s much less than for the two plates to the 


west. In some instances the diabase sills in the Animikie are located entirely by 


topography. | 
ROCK SAMPLES. 


The following rock samples have been collected within the area of the Rove 


Lake plate: 


N. H. Winchell’s series: 
A. Winehell’s series: Nos. 750-756. 
A. HH. Elftman’s series: Nos. 292-295. 


e 


Nos. 301, 302; 644-653; 670 692; 1265-1269; 2062-2065. 


~ 


CHAPTER XXVII.. 


THE GEOLOGY OF THE MOUNTAIN LAKE PLATE.* 


By U. 8S. GRANT. 


Situation and area. The Mountain Lake plate is situated on the northern side 
of Cook county and borders on Canadian territory. On the west is the Rove Lake 
plate (No. $3), and on the east the Pigeon Point plate (No. 85). The Mountain Lake 
plate includes Ts. 64-2, 64-3, 64-4, 65-2 and 65-3, all east of the fourth principal 
meridian. All except the first are incomplete townships, running into Canadian 
territory. The plate, inclusive of water surface, contains approximately 110 square 
miles. 

SURFACE FEATURES. 

Topography. The northern part of the plate has the surface common to the 
Animikie area in Cook county, 7. e., east and west ridges, with steep or precipitous 
northern sides and gentle slopes on the southern sides. These ridges are capped by 
diabase sills, and in the valleys between the ridges are elongated lakes. (For an 
account of this kind of topography, see description of the Gunflint Lake plate.) The 
most prominent of these ridges is the one lying just to the south of the international 
boundary, and rising 300 or more feet above the lakes to the north. South of Moun- 
tain lake on the line between secs. 21 and 22, T. 65-2 E., this ridge is 353 feet above 
that lake, while a few rods further west the land rises fifteen feet higher, or 2,020 
feet above the sea. In figure 4 of plate NN, a section through one of these 
diabase crowned hills is shown. This is at the east side, near the southend of South 
Fowl lake. About one-third of the hight of this hill is composed of Animikie slates, 
dipping south at an angle of about 8°. These slates are visible and most accessible 
on the north face of the bluff. The rest of the hill is composed of diabase, showing 
a perpendicular jointage. Near this hill, and at the north end of the portage which 
leads southward along the Pigeon river, is a spring, described as follows:t+ 


*The area of this plate has been visited by the survey parties at different times and part of the field notes have been 
published. The individuals who made the examinations, the dates of the work and the places of publication are as follows: N. 
H. WINCHELL, fleld work of 1878, Seventh Annual Report, pp. 18-21, and Ninth Annual Report, pp. 74-79; field work of 188, not 
published ; field work of 18096, Twenty-fourth Annual Report; see, also, Amer. Geol., vol. xx, pp. 50, 61, July, 1897. A. WINCHELL, 
field work of 1887, Sirteenth Annual Report, pp. 279-289. 

The information available concerning this plate was obtained principally from visits (1) Along the international boundary : 
(2) To Pine lake and lakes Miranda and Fanny; and (3) To the conglomerate in the N. % sec. 26, T. 64-3 E. The writer has not 
done any field work in this plate, but has visited parts of it. 

+N. H. WINCHBLL. -Vinth Annual Report, pp. 7A, 75. 
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At the foot of this hill, on the west side, is a copious talus, which also liesin a shaded gorge which slopes 
north and is protected from the warm sun of the summer. At the foot of this talus, where this gorge approaches 
the lake, near the end of the trail, is a spring of ice-cold water, which is said to never dry up, nor to become 
warmer. It is probably fed by perpetual ice protected in this gorge from the warmth of summer by the 
coarse fallen pieces of the talus. The presence of this perpetual ice is further indicated by the rank mosses 
growing on the rocks about, sustained by the condensed moisture due to the coolness of the gorge. 


In the southeasern part of the plate, the diabase capped hills are perhaps due to 
diabase dikes cutting the Animikie, rather than to sills. Just tothe south of Portage 
brook there is a prominent ridge of basic igneous rock, but it is not known whether 
this is a dike or a sill. 

To one traveling eastward along the international boundary, a marked change 
in the topography appears immediately after leaving the hill on the south of South 
Fowl lake. Beyond this point, the Pigeon river, instead of being a series of lakes, is 
a river flowing between low banks. The surface, instead of being rough and rocky, 
is approximately level, and drift-covered. It would make excellent farming land. 

The drift. The northern part of this area is similar to much of the northern 
part of Cook county, a country where drift is scanty, and in places lacking altogether. 
But eastward from South Fowl lake the valley of the Pigeon river has an abundant 
covering of drift, and rock outcrops are uncommon; in fact near English portage 
are the only outcrops alony the river in the area of this plate. There seems to be 
evidence of a moraine passing through the southern part of this plate, and there are 
drift hills at the first portage west of English portage. Mr. Warren Upham has 
mapped the eleventh or Mesabi moraine as extending through the southeastern 
corner of this plate.* But there is evidence, which has been especially brought out 
by Mr. A. H. Elftman, that the moraine here existing is not part of the Mesabi 
moraine, nor of any terminal moraine forming the southern border of the ice-sheet, 
but that it is a lateral moraine formed along the border of an ice-lobe which 
extended from the northeast and moved southwesterly through the lake Superior 


basin.t 
GEOLOGICAL STRUCTURE. 


The Animikie. Strata of this age occupy more than the northern half of the 
plate, and are supposed to extend eastward along the Pigeon river from South Fowl 
lake, although exposures of these rocks are not found along this part of the river in 
the area of this plate. The Animikie strata belong to the upper or graywacke slate 
member, and are composed of siliceous slates and fine-grained slaty quartzytes. One 
type of rock, which is different from the rest of the Animikie rocks, needs to be 
mentioned in this connection. This is a fine-grained, soft, greenish gray shale or 
slate which is found near the Keweenawan conglomerate in the northern part of 
sec. 25, T. 64-3 E. This rock apparently underlies this conglomerate (although it 


* Twenty-second Annual Report, plate 1. 
t See description of the drift features in the chapter on Cook county. 
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may possibly be part of the same formation as the conglomerate), and reaches a 
considerable development towards the east in the Pigeon Point plate, where it is 
described as the Grand Portage graywacke. 

The Keweenawan. The diabase sills of the Animikie are referred to the 
Cabotian division of the Keweenawan. They are of the same rock and hold the 
same relations to the Animikie as do the same sills farther west, especially in the 
Gunflint Lake plate, and need not be further described here. At the south side of 
South Fowl! lake, and along the northern edge of the plate east of this point there 
is some evidence to show that the diabase masses, instead of being in the form of 
sills, are really large dikes, such as those so characteristic of the Pigeon Point 


district (see chapter xxviii). 


iy * 


S {' i, 


gvrek 


Ay! ve ae = Mc bl ‘tt ' SS 
ie Ps ‘ee: Sh oy Ce ne a ae | 
Kia gy Ll Vero. Ay 


FIG. 9. HORIZONTAL COLUMNAR STRUCTURE IN THE DIKE ON THE SHORE OF SOUTH FOWL LAKE. 
‘Lhe dike intersects diabase having a vertical columnar structure. 


At the outlet of South Fowl lake, on the west side, is a cliff of diabase in the 
form of asill (or perhaps a dike) rising 200 feet above the lake. This cliff hasa vertical, 
eastward-facing escarpment of about 120 feet. In the midst of the face of the cliff 
is a vertical dike, twenty-seven feet wide, exhibiting a horizontal bedded or quasi- 
columnar structure. The columns are six to ten inches thick, and, placed between 
the vertical columns of diabase, present from the lake the appearance of a tier of 
shelves. The dike rock is a fine compact diabase. The above cut shows a 
sketch of this dike. The dike rock is represented by rock samples Nos. 767W 
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and 1898, while No. 1899 is the finer facies of the same on the edge of the dike. The 
main mass of diabase is shown by Nos. 765W and 1900. 

On the northward slope of the ridge, which lies just to the south of Portage 
brook, in the N. 4 sec. 25, T. 64-3 E., are exposures of a conglomerate and sandstone 
which are referred to the base of the upper division of the Keweenawan. The best 
exposures are along and to the west of a small northward flowing creek, a tribu- 
tary of Portage brook. At one place this little stream has exposed a considerable 
ainount of the conglomerate, and here there is a thickness of about eighteen feet of 
coarse conglomerate (No. 1903) overlain by a like thickness of finer conglomerate 
(No. 1902). Farther south up the slope of the hill is some sandstone or fine coglom- 
erate (No. 1904) and the total thickness of this formation here is estimated to be at 
least 126 feet. The dip is about 12° towards the south-southwest. The coarser part 
of the conglomerate, whose actual base is not exposed, contains numerous well- 
rounded pebbles of all sizes, up to those six or more inches in diameter. The pebbles 
are largely of a gray to greenish or pinkish granular quartzyte, and of white vein 
quartz. Other, but much less abundant pebbles, are of gray shale, yellowish flint, 
black flint, banded greenish flint, very fine-grained, slaty quartzyte and apparently 
red taconyte. Most of these pebbles, especially the taconyte, can be matched in the 
Animikie strata. 

To the south of the conglomerate, and near the top of the hill, are some basic 
rocks which are thought to overlie the conglomerate, and are referred to the Manitou 
division of the Keweenawan. One of these (Nos: 1905 and 2066) is a rather fine- 
grained, dark rock, more or less decayed and holding amygdules of chaleedony. South 
of this is a coarser-grained, porphyritic rock (No. 2068), possibly a facies of the amyg- 


daloid, but not amygdaloidal. 


ECONOMIC RESOURCES. 


In Canadian territory, not far north of this plate, considerable exploration and 
mining of silver has been carried on, but at present the work is abandoned. In the 


area of this plate apparently the same geological conditions exist as in the Canadian 


district, and similar argentiferous veins have been noted. Some of these were visited 


in 1878 by the state geologist and the following description is taken from his report.* 
As this chapter is being written (July, 1897) the newspapers state that active steps 


are being made towards a thorough exploration of the “ancient diggings’ mentioned 


below: 


William P. Spalding has a mining location on the south side of lake Miranda, which is a narrow long lake 
next north of lake Fanny, and on sce. 5, T. 64-2 E. This vein is strong, but not well detined. His work consists 
of several shallow pits for the purpose of ascertaining more detinitely the position, direction and dip of the vein. 
What can be seen of it consists largely of breccia of trap, or of quartzyte recemented with quartz, in small, often 


* Seventh Annual Report, pp. 18-21, 
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drusy crystals. It is six or eight feet wide, and occurs, like others, along the north side of a quartzyte mono. 
clinal, and is largely hid by the talus materials. Mr. Spalding says he has taken out several pieces of native 
silver, but none was seen in the fragments thrown out. 

On the other slope of this mono-clinal, south of the above, is another fracture, which seems likewise to 
have taken the nature of a vein. Some working on this slope disclosed the existence of the fracture, and large 
float pieces of vein material indicate the contents, but the work had not gone far enough to precisely define its 
location and extent. a 

Mr. Spalding’s “ancient diggings,” so-called, consist of a series of depressions running along the supposed 
position of the first vein above mentioned, so as to make in some places a continuous trench. In some parts 
there are two ridges, with an irregular depression between them somewhat semi-lunar, so that it unites again 
with the main depression. One of these ridges, that nearest lake Miranda, consists of clay and angular pieces of 
quartzyte; like talus debris, largely decomposed, but the other is of angular blocks, and Mr. Spalding says con- 
tains vein material, as if thrown out of the depression in excavating on the vein. These depressions show some 
openings within, between large boulders, and nearly large enough to admit a man, and, after clearing outa little, 
one was followed downward some feet. As yet no ancient hammers or implements of any kind have been found 
in the vicinity. | 

As to the cause of the depressions and parallel ridges, there may be three different explanations. Sufficient 
data are not at hand for affirming either. 

1. They may be due to ancient mining, as supposed by the owner, though the discovery of hammers, or 
other implements, is necessary for the demonstration of this hypothesis. It is also true that the ancient mining 
hitherto discovered in the lake Superior regions has been wholly for native copper, of which implements have 
been found in ancient works as far south as the state of Georgia, but, so far as known, no silver implements have 
been found having so old a date; and the ancients seem to have had no knowledge of any process for reducing 
the ores, the silver in this formation occurring mainly as argentiferous galena. 

2. The depressions may be due to the solution and removal of the contents of a large vein under natural 
processes, and the consequent settling of the surface. When two depressions run nearly parallel in that case, 
the vein may branch out and become double, uniting again when the depressions unite. Then, also, the upper 
ridge, nearer the bluff, would naturally contain coarser pieces than that nearer the lake, which is true. Veins 
are thus dissolved sometimes, and sunken in for some distance, as the large baryta vein on Pigeon point. This 
cause, if true, indicates a strong vein, and one that, with the quartz now remaining as the sole matter undis- 
solved, must be charged with soluble minerals, and perhaps with very valuable ores. Deep shafting alone will 
determine it. So far as exposed, however, the quartz remaining now undissolved is sufficient to form a firm 
fraine-work, capable of supporting the overlying materials so as to prevent such a collapse of the surface as 
here supposed. 

8. These ridges may be of the nature of ice-ridges or moraines. There are a great many instances of 
ridges thrown up by the ice of lakes through alternate freezing and thawing both in Minnesota and Iowa, and 
sometimes such have received the name of “walled lakes.” But aside from this, the ice of the last ice-period 
may have lain, for a long time prior to its final disappearing, in the rocky valleys of the northern part of the 
state, as suggested by Mr. John Lightbody. ‘Its effect, along a rocky bluff, would be to form low, blind ridges 
of debris or morainic material, which would remain more or less distinct to the present under favorable con- 
ditions. In that case the coarser nature of the ridge nearer the bluff would be due to the fallen pieces from 
the bluff itself, while the clay of the ridge nearer the lake may have been due to drainage in that direction and 
to the crushing action of the ice in times of expansion. The level of the ice would remain nearly constant 
under the same causes which now keep the level of the water nearly constant. 

These considerations are here mentioned, as there seems to be a tendency at other places in the northern 
part of the state to attribute such phenomena to ancient mining, perhaps without sufficient reason. 

John McFarland’s location is on secs. 9 and 10, township 64 north, range 3 east. He has two veins, and one 
place thought to be a site of ancient mining, in all respects similar to that of Mr. Spalding, except that this 
series of ridges and depressions is not near any lake at present, but alongside a bluff enclosed ina valley. If 
a vein should be discovered at this locality, then Mr. McFarland has three distinct veins situated on different 
sides of a mono-clinal hill, viz., one on the north side, one on the south side and one on the east side, the last 
being that in which are the supposed ancient diggings. These are all close together, and the east and west veins 
are all well marked, running also across the adjoining valleys and appearing in the next hills. They are out- 
wardly of quartz and brecciated quartzyte, and occupy faults between the slate and the trap of the country. 
Mr. McFarland has done no work on his veins, but is occupied in farming and fur catching. 

Johnson's working is on a vein situated, as nearly as could be ascertained, on S. E. 14 sec. 32, T. 65-3 E. 
This is also on the south slope of a hill, but has trap on the north side and slate on the south side, being really 
ina fault like the rest; but the slate is here brought up, like the south vein at Spalding’s, on a line nearly 
parallel with the upper surface of the trap. This vein shows mainly calcite, but has also quartz, pyrite, galenite 
and native silver. These can be seen in the dump near the shaft. There is also, as in nearly all the other veins 
seen, a large amount of brecciated quartzyte and siliceous slate. This is here mainly on the south side of the 
vein, while the north side is in a similar manner filled with breccia of trap. This appears to be a strong vein, and 
one that promises well. 

McFarland, Rice and Ramsey have a very conspicuous and strong vein near the shore of Pine lake, on S. 
BE. 14 sec. 31, township 65 north, range 2 east. This has not been worked, but slightly uncovered in two places. It 
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has an irregular direction, width and appearance, large white masses of calcite and quartz lying about promis- 
cuously, apparently in place, over a width of several rods north and south. Where it has been uncovered it is 
also mixed with a breccia of quartzyte and has a width of ten or twelve feet. It seems to have trap on the north 
side, but it is not well exposed. A trap bluff rises abruptly toward the northwest, facing east and south, and the 
vein is in a lower level, having a zigzag course, governed, apparently, in direction and deflected by that upheaved 
trap and slate along its western extent, so far as it is visible: but further east it has a more uniform course in 
consonance with the general trend of the hills; yet this, like Spalding’s second and one of McFarland’s, is on the 
southward slope of the main hillside. The calcite and quartz, not mentioning the breccia, are the most abundant 
gangue-rock. The ores are pyrites (said to be auriferous), galenite, sphalerite and chalcopyrite. These, with the 
exception of the galenite, can be made out in examining the pieces in the dump. 


GEOLOGICAL MAP. 


The data, both for the contours and for the geological boundaries are compar- 
atively few. The contours can be considered only as indicating in general the 
position of the ridges. The geological boundaries are located only approximately, 


and future work may alter them materially. 


ROCK SAMPLES. 


The following rock samples have been collected within the area of the Moun- 


tain Lake plate: 


N. H. Winchell’s series: Nos, 297 300; 303; 1898-1906; 2066 -2072. 
A. Winchell’s series: Nos. 762-769. 
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CHAPTER XXVIII. 


THE GEOLOGY OF THE PIGEON POINT PLATE. 


(PLATE 85.) 


By N. H. WINCHELL. 


Some of the earliest records of travel and discovery within Minnesota are 
connected with the small area comprised within this plate. The earliest French 
voyageurs and fur-traders passed over the Grand Portage trail, and at (rand 
Portage at a later date was a village which was constantly active with the arnval 
and departure of parties bound up with supphes for the region of the Lake of the 
Woods and lake Winnipeg, or down with furs destined for Montreal and for Europe. 
The trail was a well-kept road, over which wheeled vehicles, drawn by oxen, were 
continually passing. The Indians and half-breeds of the present day have only 
traditional knowledge of this traffic and of the scenes which it entailed. A strong 
blockhouse or fort, the ruins of whose foundation are still pointed out, stood near 
the dock at Grand Portage (plate 00, figure .6), surrounded by the usual residences 
and accompaniments of a trading station of the Hudson Bay company, and witbin 
the village were often gathered, during the winter season, the subordinate officers. 
courcurs des bois with their families, and the dependent Indians, to the number of 
several hundred or a thousand souls, while others, more hardy and venturesome 
were engaged in the winter hunt. The place wag known as Fort Charlotte. At the 
upper end of the portage was another similar establishment, and its ruins are still 
visible in the form of foundations that retain indistinctly their outlines, and in the 
old dock, made of cedar logs,* which is held in place in the muddy bank of the 
river, and still serves as a landing for canoes. This is a chapter in the history of 
Minnesota which is yet unwritten. Its tragic and venturesome events, the com- 
mingling of the colonial civilization, represented perhaps poorly by the officials of 


*In 18% there were sixty-seven cedar logs projecting from the bank near the level of the water, in the form of a platform, 
supported on other cedars running in the other direction and on stones. There were doubtless many more originally. They are 
decayed and frayed at the ends but permanently kept in place by the overlie of red clay on the landward ends. 

There were two “ forts’ here, houses, barns for horses and cattle (with which the grand portage was made) and all the 
accoutrements of a great station of the Hudson Bay company. One of my men (in 1893) was a grandson of Francis Xavier Pireau, 
still living at Marquette over nincty years of age, who was a voyageur for that company, and he recounted many incidents he 
had heard from his grandfather relating to this trail. The officers of the company, according to his testimony, were heartless, 
hard on the men, domineering, exacting and cruel, and guilty of many things, even crimes, which could not now be enacted and 
go unpunished. . 
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the frontier and of the fur companies, with the simplicity and often the duplicity of 
the Indians, through a period of a hundred and fifty years, if well known, would con- 
stitute a romantic epoch of the pioneer history of the state. It began with the time of 
Duluth and of Grosselliers, of Verendrye and of Franquelin, extending from about 
1675 to 1825. This area embraces the gateway between the domain of the Hudson 
Bay company on the north, and that of the Northern Fur company of Canada on 
the south. 

Topoyraphy. There is no part of the state of equal size which is so moun- 
tainous. Along the northern boundary the Pigeon river descends, hke nearly all 
the streams that enter lake Superior from Minnesota, rather suddenly from six to 
seven hundred feet. It presents below the commencement of the “grand portage” 
a continuous series of rapids and waterfalls, as far as Pigeon River falls, below 
which with some difficulty small canoes can float in the river to the head of Pigeon 
bay, which is a fine harbor for large vessels. 

The hills that diversify the region are abrupt and rocky, consisting of great 
dikes of diabase and gabbro that lift their heads up through the slates which they 
penetrate, sometimes with perpendicular walls, from 50 to 200 feet above the slates 
which they cut. As these dikes, which are often several hundred feet wide, must 
have been confined between rock walls when the molten matter was intruded, there 
is evidence of the removal of that amount of strata of the Animikie, by circum- 
denudation, from the dikes. The hills are rudely arranged in ridges which extend 
easterly and northeasterly, though with exceptions the chief of which is the hill and 
peninsula of Hat point, which is at night angles to the prevalent direction. The 
individual hills are rather short. The upper contour,line of one of these dikes rises 
and falls suddenly, as if the general fracture line shifted somewhat from place to 
place, and was occasionally obstructed. Toward the central and western portions 
of this area the surface is more moderately rolling or hilly, with some extended 
tracts that are plains. This is the character of the greater part of the N. E. 4 T. 
63-5 E., where the Indians from time immemorial have resorted annually to cele- 
brate the spring festival of sugar-making. Here the country is nearly flat,and no 
hills are visible except in the distant horizon. The timber has not been destroyed 
by fire and much of itis birch and maple, this being probably the most northern 
locality, at least in northeastern Minnesota, where the sugar maple is found growing 
to large size.* The country about the lakes on the western border of T. 63-5 E. is 


*The trees are scarred by repeated tappings, many sears having been entirely overgrown. A small oblique gash is cut 80 
as to take out the bark, and about half an ineh of the sapwood. Down the sides of this oblique gash the sap runs to the 
bottom, wkere it necessarily concentrates as the sides of the gash approach to a point. Just below this point a spout is inserted 
in another little ascending cleft made by a single blow of the hatchet, so placed that the sap runs onto it and drips from the end. 
This spout is simply a chip fashioned from a cedar splinter. Sometimes, instead of inserting the chip under each gash. several 
gushes are so connected by little leading-trenches that they all drain at the bottom of the lowest gash from the same spout. The 
sap ae in pails or basins made of birch bark by folding gently the ends of a long piece into two folds and passing a thong 
of willow bark. 

The whole village moves up here the latter part of March, or first of April, and returns in May. They spend some time in 
getting ready, making birch basins, erecting temporary wigwanns, ete., etc., and somewhat in hunting. It is a great event, and 
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of the same character. The country is drifted but generally elevated, being appar- 
ently about 600 feet higher than lake Superior, with only scattering hills that 
consists of the igneous rock of the region.* 

In the southwestern part of this area another series of hills skirts along the 
lake shore, rising to the hight of 1,200 to 1,500 feet above the sea, and they are con- 
spicuous from the lake. As they have not been examined, they are not located by 
contour lines on the accompanying plate. They also consist of dark-colored, and 
often coarse-grained trap rock, but whether in the form of dikes or of sills, or as 
flows of surface traps, or of all combined, is not known. They are believed, however, 
to be for the most part of later date than the dikes in the northern and eastern part 
of this area. 

The sketch below shows the contours of the hills as they appear from Grand 


Portage island. 
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FIG. 91. OUTLINE OF THE HILLS AT GRAND PORTAGE FROM GRAND PORTAGE ISLAND. 
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FIG. 92. DISTANT VIEW OF HAT POINT FROM THE WEST. 


The Grand Portage trail. Yn its present degenerated state, this is still a good 
road, except where the bridges over the streams have not been renewed. Itis an inter- 
national route,t and many American and Canadian parties passed over it until the 
construction of the Canadian Pacific railway. It will soon be a mere Indian trail, 


no Ingian would willingly forego the pleasure. It breaks up the winter's confinement and inaugurates the season of warmth and 
freedom and comfort. When the season is good and the family has the apparatus in sufficient quantity and readiness, one family 
can make from 500 to 600 pounds each season. When the season is bad they can make no more than enough to supply themselves. 
The sap is boiled in cans and kettles within the large wigwams, which stand from year to year, in which also they all sleep. 
They have a tradition that, before they could get iron kettles, their ancestors used to make kettles of clay in which they boiled 
the sap. 
PThe smallest tree seen showing sizns and scars of tapping for sap is less than five inches in diameter, and the largest pearly 
twofeet. It seems that the tapping and scarring continues during the whole life of the tree, and some old trees are gnarl 
on all sides by the effort to overgrow the gashing they have suffered. The effect must be as if some malignant worm and all its 
progeny renewed its gnawing at the base of the tree every year. . 
~ The wigwams are the usual conical frame made of poles leaning together at the top and spreading to the ground all 

round, and covered with birch bark or cedar bark, there being only one opening for entrance and egress on one side. The smoke 
from the central fire escapes at the top among the loosely fastened poles. 

*The western part of this area, comprising the Grand Portage Indian reservation, was subdivided by the United States 
government only in 1883, and no examination has been made of the most of it. 

+ This Portage was declared by the Webster-Ashburton treaty of 1842, to be “free and open to the use of citizens and sub 
jects of both countries.” Compare vol. 1, p. U2 
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obstructed by brush and fallen trees. It follows an easy grade, except near Grand 
Portage village, and is not obstructed by rocky outcrops, although at several places 
it passes over bare ledges of the Grand Portage graywacke, and near the lake it 
intersects some of the lower slates. Near the route, however, rise hills several 
hundred feet, as already mentioned, and as represented on plate $5. 

From Grand Portage it follows the main creek about a mile and a half, when it 
leaves the valley of the creek and continues more nearly in a right line in a north- 
westerly course. At three miles on the trail, at the crossing of a creek (Poplar river) 
that runs northeastward into Pigeon river, the valley of the creek is cut about fifty 
feet into the non-terraced deposits of the plain. The trail is here 498 feet above the 
lake, at a point half a mie south of this crossing, the ascent being gradual all the way 
over a smooth glacial deposit of till, this deposit having determined the location of 
the portage trail. Before reaching the highest point (sec. 32, T. 64-6 E.), there is a 
level tract of half a mile of red glacier clay, good land, once heavily timbered. 
Passing the notch in the hill range, the trail soon descends about seventy feet to this 
creek, and to the glacier plain, which is here a mile wide, and rises toward the north- 
_ west. The glacier movement was toward the west and southwest,* and must have 
covered and obstructed the lower portion of the valley of Pigeon nver. The trail 
follows this plain, and soon rises, to the west of the creek crossing, to the summit of 
the portage, 743 feet above the lake, or 1,345 above the sea, at a point about five miles 
from (rand Portage village, sec. 26, T. 64-5 KE. This is still a clay-covered plain, 
rising nearly as high as the dike hills further south, but enclosed by hills of the same 
structure that rise two or three hundred feet still higher. 

The rock, Grand Portage graywacke, that is exposed along the trail (No. 295), 
is of a harsh, non-crystalline, scarcely slaty sort, grayish-green, and rather soft, and 
at half a mile from the west end of the trail it contains some white siliceous pebbles. 
Ata mile and a quarter from Pigeon river is a low bluff of trap over which the trail 
passes. This is of the prevailing gray, compact sort. The bluff rises about three 
feet, and faces about north, running parallel with the hill ranges. The slate 
reappears but a short distance further east. : 

At Abita, or half way, gray slate appears plentifully on the trail, in loose pieces, 
and is seen in sifu, a Short distance further southeast. At one-eighth of a mile further 
south are two low trap ridges seen on the west side, rising from two to four feet 
above the road. Thisis near the town line between T. 64-5 EK. and T.64-6E. In theN. 
Kk. 4 sec. 31, just south of the crossing of Poplar river, the trail passes a notch in the 
hills. The hill on the west side of the trail, south of the creek, rises 355 feet above 


the creek, or 822 feet above lake Superior, and consists of trap rock; thence south- 


*Compare the chapter on Carltun county; also F. B. TAYLOR. Am. Geol. vol. xx, p. 111, 1887; A. H. ELYTMAN, Am. Geol, 
xxl, p. 104. In 1893 glacial striee were noted, sec. 27, T. 64-5 E., running 75° W. of S. true meridian. 
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ward the trail occasionally passes over only slates similar to those seen at Grand 
Portage village. The hill on the east side of the notch 1s similar to that on the west 
side, but was not measured. 

Geological structure.* The geological history of this little tract, so far as known 
at present from our field and laboratory studies, is about as follows, beginning at the 
bottom: 

1. The Animikie strata were formed, On the area included within this plate 
only two of those parts of the Animikie that prevail further west are known, viz.: 
the fissile black slates and the quartzyte, but there 1s, in addition, above the Waus- 
waugoning quartzyte, the imperfectly slaty, greenish gray member, or Grand Portage 
yraywacke (Nos. 295, 772W and 1835). 

9. Surface eruptives and flows of basic rock, probably of minor importance. 
These are seen on some of the Lucille islands, where they seem to lie on the upper 
portions of the Animikie, cut by the great dikes of the country (No. 1847). 

8. Epoch of profound igneous intrusion (Cabotian) forming the most of the 
dikes and sills of gabbro that penetrate the Animikie. This event probably cannot 
he detinitely separated from the last. The rocks of these two epochs doubtless run 
together in other places, especially where the ancient surface is preserved. But 
throughout this area the denudation has been so profound that, so far as known, they 
are entirely distinct at the present surface, and the later date of the dikes seems to 
be plain (Nos. 282, 1549). This great gabbro invasion gave origin to the red rocks 
of the region and their variations by contact fusion of the sedimentaries (Nos, 285, 
1845, 1853, ete.) 

4. Erosion interval. Commencement of the Keweenawan clastic rocks (or 
Potsdam). Conglomerate (Nos. 254, 1831, 18382), quartzyte and sandstone (No. 256) 


of Potsdam age. 
5. Eruptions (Nos. 255, 1834) more or less cotemporary with the fragmentals of 


No. 4,and very copious after the completion of the quartzyte, forming surface flows. 
Grand Portage island (Manitou). 

6. Dikes later than No. 5. So far as known the eruptives of No. 5 and No. 6 
were only basic, mainly diabase, with amygdaloidal diabase. The dikes of No. 6 cut 
the surface flows of No. 5 on Grand Portage island (No. 541). 

The accompanying plate exhibits the areas of these rocks so far as is possible 
from the data now at hand. There is, however, no way of separating geograph- 


*The data from which this chapter is compiled are from the following sources: 

N.H. Winenteen. Ninth Annual Report, pp. 51-73; Tenth Annual Report, pp. 43-49; Seventh Annual Report, pp. 0-21; 
unpublished field notes made in 1883 and in 1896. 

CW. HALL. Seventh Annual Report, p. 26, 1878. 

A. WENCHELL, Sicrteenth Annual Report, pp. 238-202. 

Compare, also, W. 8, BAYLEY. On some peculiarly spotted rocks from Pigeon point, Minnesota. Am. Jour. Sct. (3), 3XX¥, 
Pp. BAS-3Hs, Leds; Thid., p. d4, 149, The eruptive and sedimentary rocks of Pigeon point, and their contact phenomena. Bulletin 
109, US. Geol, Sur, 183. 

J. G. Norwoon and RICHARD OWEN. In the report of David Dale Owen on the Geological Survey of Wisconsin, Iowa and 
Minnesota (2852), pp- BSX-410, , 

Fosrek and WHITNEY. Reporton the Lake Superior Land District, part it, p. 12, 1851. 

THOMAS CLARK. Report of Hanchett and Clark, 1805, pp. 47-83. 
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ically the later Keweenawan surface eruptives (the Manitou) from those of the 
Cabotian. They were each cut by a series of basic dikes, and these dikes in each 
case probably reached the surface and caused surface lavas. The Manitou dikes, 
though later, may have cut, and doubtless did in many places, the earlier Cabotian 
rocks, and they would now exhibit phenomena within those rocks that could not be 
distinguished from the true Cabotian dikes. Therefore, lacking an exact knowledge 
of the western portion of this area, the writer is unable to vouch for the Cabotian 
age of the rocks found there. I[t may be that the Manitou series, represented 
unmistakably on Grand Portage island, continues further west than the west point 
of Grand Portage bay, and it may be that the entire hill range, as already intimated, 
running southwestward toward Cannon Ball bay from the hilly region west of 
(rand Portage bay, is composed of Manitou basic rocks. That would be in keeping 
with the aspect of the basic dikes that cut the red rocks at the “ eastern palisades ” 
and Red Rock point. It will be by following carefully across the country the con- 
glomerate and sandstone seen at the base of Grand Portage island, that the frag- 
mental beds of the base of the Manitou can be mapped separately from the Cabotian. 
There will be more difficulty in separately mapping the Manitou igneous rocks, 
since they may have penetrated the same strata as the Cabotian intrusives. 

The fissile slates of the Animikie appear in the hills northeast from the head 
of Wauswaugoning bay, and in the gorge of the Pigeon river below the Partridge 
falls, and especially below the Grand Portage landing. These slates are rather more 
siliceous and less carbonaceous than the black slates of the Animikie described by 
Dr. Grant at Gunflint lake, and it is not at all certain that they do not represent 
simply one of the phases of the slaty quartzyte of the upper member. The carbon- 
aceous black slate proper of the Animikie has been supposed to cross the inter- 
national boundary and enter Canada in an east-northeast direction in the vicinity 
of Rose (or Mud) lake, which would rather exclude it at the Partridge falls. At the 
same time, if the dip of the quartzytes seen along the lake shore of Pigeon point be 
continued toward the north without faulting, it would carry the Wauswaugoning 
quartzyte sufticiently high to expose the black slates at Partridge falls. It is 
apparently the same thin slates that appear in the talus of the hill on the Canadian 
side at the south end of South Fowl! lake (No. 299). The transitions from one 
portion of the Animikie to the other are so gradual, with recurring alternations of 
the lithology of the former within the latter, that any individual outcrop might 
fall. in the bottom of the quartzyte, or near the top of the black slates. 


The rock at Partridge falls (No. 771W) is a rather fissile, yet siliceous, hard slate, grayish to greenish, 
varying to tine grained. It is finely ripple-marked, dips south from 12° to 15°. Dr. A. Winchell called these 
falls “the Minnehaha of the boundary,” and gave a careful description with diagram, as below. 

“The following diagram shows the more important facts. The highest rock, A, slopes upward at such angle 
that if continued to the standing place, D, close to the falls, it would be ten feet above it. A dike of gabbro, 


34 
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which seems to be of the same character as the gabbro of the country, intersects the formation between the two 
falls, and is about forty-five feet wide. If this proves to be the same as the ordinary gabbro, it would seem 
probable that it was of cotemporaneous intrusion, and that this was one of the fissures from which the flow came 
which inundated the country. Further, as nogabbro appears on the surface in the vicinity, there is evidence of 
much erosion of gabbro. And still further, if one gabbro vent of small dimensions existed, not unlikely the whole 
escape of the outflow was through numerous vents of moderate capacity, rather than one or two great fissures.” 
— A. Winchell, 1887. 
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FIG. ®%. DIAGRAM OF PARTRIDGE FALLS IN PIGEON RIVER. 


The measurements given are estimated. The diagram is not drawn to a scale. 


A—The highest rock above the falls. GG H—Thirty feet, hight of upper falls. 
B—The hight at which it reached at the foot of the descent. I J—Width of dike of gabbro, forty-five feet. 

( B—EFight rods, distance from brink of falls to foot of rapids. K G—Rapids above the falls. Descent, OG., twenty feet. 
D—Standing rock at brink of falls. F M—Rapids below tl fas Descent, M N., five feet. 


E F—Ten feet, hight of lower falls. K GHFM-—Surface of wat 


The brink of the Partridge falls is also represented by figure 3, plate PP. 

Pigeon river falls. The falls of Pigeon river are shown by sketch on following page (figure 95), which isa 
reduced copy of a sketch made by Richard Owen, in 184(8?). Their present appearance is shown by the half-tone 
from a photograph made in 1877 (figure 1, plate PP). A similar view is presented by Prof. W. S. Bayley, in plate 
1, of bulletin 109, of the publications of the U. S. Geol. Survey, taken probably in 1888, At the falls the Animikie 
slates are cut by two gabbro dikes, which form an angle with each other, as shown by the following figure 
(figure 94). The slates at the falls, according to Bayley, show alteration toward the red rock similar to that 
exhibited widely on Pigeon point, and described below. These dikes appear to converge toward a hill of gabbro 
(No. 261), which likewise appears in the midst of the slates a short distance to the southwest from the falls. 
The gorge below the falls is shown by plate PP, figure 4, looking down stream. 


(261) 3% | 
FIG. 94. DIKES CUTTING SLATE AT PIGEON RIVER FALLS. 

The Wauswaugoning quartzyte, however, when fully established, presents rather 
marked and persistent characters. Itis essentially a granular quartzyte, but embraces 
some feldspathic grains. Its typical outcropsare at the head of Wauswaugoning bay 
and thence eastward through the whole length of Pigeon Point peninsula. tis easily 
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affected by the basic intrusives and converted into the “red rock” of the region. 
This may be seen in ascending mount Josephine, and near the bay on the east side 
of mount Josephine. This rock is represented by samples Nos. 265B, 553, 1837, 1838. 
Its normal color is gray, but on weathering, and especially when it is metamorphosed 
by contact with the dikes of the region, it is purplish and red. In this respect it takes 
a conspicuous part in the production of quartz porphyries and red granite. It passes 
through various stages which have been fully investigated and illustrated by W.S. 
Bayley,* and which are described in connection with the petrographic characters of 
various rocks in volume Vv, viz.: rocks Nos, 285, 292, 1822, 1834C, 1839, 1840, 18414, 
1842, 1844, 1845, 1850, 1852, 1853. The fact, in general, of such fusion and recrystal- 
lization of the sedimentary rocks was announced earlier, for the region of north- 
eastern Minnesota, by J. G. Norwoodt and by the writert, but the microscopic details 
and the mineralogical alterations were first fully presented by Dr. Bayley. 


FIG. %. PIGEON FALLS (AFTER OWEN, 1848). 


Along the south side of Pigeon point this quartzyte is frequently the barrier to 


the lake, rising in a gently sloping platform from the lake to the hight of ten to 
twenty or thirty feet, and occasionally to 150 feet, then breaking off perpendicularly 
toward the north in a manner characteristic of the Animikie. It is often finely or 
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* Bulletin ciz, U. 8. Geol. Survey. 
t Report on the Geology of Wisconsin, Iowa and Minnesota, By D. D. OWEN, pp. 405, 408, 418. 


{ Typical thin sections of the rocks of the Cupriferous series in Minnesota. Proc. Am. Asse, Adv. Sci., vol. xxx, pp. 160-166, 
1881; Ninth Annual Report (1880) p. 70; Tenth Report, pp. 57, 58. 
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coarsely basaltic inangular columns. It gives place frequently to the igneous rocks, 
especially at the sharp points that enclose the bays; and along the north it is 
variously altered, through more and more recrystallization, or was fused and then 
flowed as a red felsyte and quartz porphyry, which can be traced almost continuously 
from Wauswaugoning bay to near the extremity of the point, or cooled slowly and 
formed red granite (Nos. 292 and 1853). 

The Grand Portage graywacke, The rock that appears occasionally on the Grand 
Portage trail has received this name. Its best outcrop within the area of this plate 
is at the vorthwestern end of the trail, where it occupies the highest points on the 
trail (rocks Nos. 295, 772W). Itis seen occasionally along the immediate trail further 
south and is known more widely further northwest, where it spreads over the low 
flat land of the Puckwunge valley and the drift-covered plains. It barely exists in 
the upper portion of the Animikie at Grand Portage village, appearing in the top of 
the hill in the 8S. W. 4 sec. 9, T. 64-6 E. This hill rises about 250 feet above the lake. 
It consists primarily of siliceous Animikie slate. It is crossed by seven dikes, the 
western ones, which stand up isolated and are cross-columnar, running about east 
and west, and the eastern about northeast and southwest. Some of them enclose 
detached portions of the slate, which there is hardened and “ baked,” but not reddened, 
so farasseen. On the other hand, in some of the slates of this hill small light-colored 
spots appear as Incipient metamorphism, after the fashion of the round spots in some 
red slate and shale of Pigeon point. The most easterly of the dikes forms the crest 
of the hill. It is about fifty feet wide and only differs, so far as can be seen, from 
the mountain dikes of the region in being smaller. It has vertical walls of trap at 
the summit. The top of the slates of the hill is of hardened quartzyte. The gray- 
wacke rock is represented by Nos. 1835 and 1836. The usual slate of the hill is repre- 
sented by No. 252, which appears at the beach. This rock is here cut by a dike thirty- 
nine feet wide, running E.15° 8. The slate here has septariz several feet wide, 
round which the slates are disturbed and warped. The dip is here 8. 5°. 

The Grand Portage graywacke is a rather soft siliceous gray wacke of a grayish- 
green color, lying in beds from two to six inches thick, breaking in a somewhat 
rough and conchoidal, coarse fracture. In thin section, while the clastic quartz grains 
are apparent by their rounded outlines, they are uniformly enlarged by secondary 
increments so as to have angular interlocking projections. They are associated with 
a few fragments of striated feldspar, and with much indeterminable debris, much of 
which is opaque. In some instances it is seen to sparkle on a fractured edge with 
reflected light. Such reflecting surfaces are due to the formation of calcite crystals 
embracing the other grains poikilitically. It contains a considerable ferro-magne- 
sian ingredient, though the specific minerals are altered and -lost. 
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This rock probably has been worn away from the preat dikes of the region 
in their upper protruding portions, It is plain that the dikes must originally 
have been enclosed in fissures in some rock in order to have acquired their vertical 
walls, and as they are believed to have been injected after the close of the Animikie, 
and before the formation of the Puckwunge conglomerate seen at the base of Grand 
Portage island, there is no other series of strata that could have filled the interval 
which is now expressed by the protruding vertical dikes. This soft and coarsely 
slaty graywacke therefore seems to have a thickness of at least two hundred feet. 

The basic Cabotian rocks. What was the latest rock formed and whether it was 
yet below the ocean’s water at the time of the close of the Animikie, when the gabbro 
revolution occurred, is not certainly known, and the subsequent denudation has been 
so great that it will be very difficult to find it, and identify it. We only know now 
that the great dikes protrude up through the Animikie, and that their surface repre- 
sentatives are voluminous in the form of diabases and amygdaloids, and perhaps as 
volcanic debris, represented by the Grand Portage graywacke. Some of these surface 
rocks are also rhyolytes and quartz porphyries, the product of fusion of the contact- 
ing sedimentaries. 

The highest land and the largest dikes are found in the northern part of this 
area, rising from-1,500 to 1,600 feet above the sea,* They form abrupt elevations, 
perpendicular near the summit on both sides, which run for two or three miles or 
or cease after extending less than a quarter of a mile. They run prevailingly east 
and west, varying to northeast, and sometimes reach a width of 500 feet or more. 
To this statement the dike that forms mount J osephine is a noteworthy exception, 
as it extends at right angles to the normal and usual direction, and at the same time 
is one of the larger dikes of the region. Of this more careful study has been made. 


Mount Josephine (figure 96) has a hight of 1305 feet, and its perpendicular, east-facing wall, above the 
slates, as viewed from Wauswauyoning bay, has an imposing and almost threatening aspect. At the very toe of 
mount Josephine (Hat point) the gabbro has a marked gneissic structure, sloping steeply northward, the lake 
having acted on it from the south so as to break it away and bring out a jagged or drayon-tooth outline (figure 
97). This is in marked contrast with the southerly dip of the slates and traps of the region. The water laves 
the dike only for about one-third the distance from Hat point to the head of Wauswaugoning bay, and then 
slates form the shore, without much interruption, dipping strongly toward the southwest, to two-thirds of the 
distance to the head of the bay. The last third is occupied by drift, or by slaty quartzyte somewhat modified 
(No, 1837). The slates are cut, between the point and the head of the bay, by eleven diabase dikes which appear 
on the eastern escarpment, running about perpendicular to the main dike, and may be presumed to be apophyses 
from it. They vary from three to seventy feet in width. Several other similar dikes are seen crossing the 
quartzyte and slates at the head of Wauswaugoning bay, hardening and reddening them. They rise irregularly 
from the water, form jagged, low hills, and in the openings of their joints is seen quartz porphyry in seams and 
patches (Nos. 1838, 1839). 

The ascent of mount Josephine is most feasible from the west side, following a portage trail which crosses 
the base of the peninsula leading to Wauswaugoning bay. At the point where this trai] crosses the peninsula 
the hight is 1,038 feet, and the surface is terrace-like and flat. This terrace may be followed northward to a point 
opposite the south end of mount Josephine, from which a steep ascent may be made to the cap. . At about 100 
feet above the terrace a metamorphic quartzyte is encountered (No. 1827). It is brecciated and again compressed, 
no gabbro being visible. This rock, in thin section, is seen to consist principally of quartz grains with irregular 
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contours, interlocking with each other and with the scant reddish feldspar, and also grown into the latter in the 
“Eozoon” structure. It is a recrystallized condition of the quartzyte. At other places near, both above and 
below, a rather fine-grained condition of the gabbro is mingled with this rock in irregular patches (No. 1828). It 
is olivinitic and has an ophitic structure, being hence a diabase. Rock No. 258 is from the Hat Point dae on the 
east side, 150 feet above the water, and is one of the few instances in which the rocks of this great intrusion have 
been found to show an ophitic relation between the feldspars and the olivines. At the summit is a small area 
which has an elevation, according to the U. S. Lake Survey, a little over 1,305 feet. The rock (No. 1829) is rather 
fine grained, and especially finer than that seen in the hills at Double bay. There are, however, some very coarse 
patches with feldspars three inches in longer dimension. 
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FIG. 96. PROFILE OF HAT POINT FROM THE EAST. 


The top is a glaciated dome on which, however, the direction of glaciation could not be made out—a dike 
of enormous size. From it the dike-shapes of the other hills toward the north can be plainly discerned. These 
dikes make the mountains of the region. On one of the subordinate ranges toward the northwest can be seen 
patches of red rock, one (No. 1830) on the east side of the Grand Portage trail and one (No, 1834C) on the west side, 
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FIG, 9%. EXTREMITY OF HAT POINT. FROM THE WEST. 


The smaller dikes, which run generally parallel with the larger ones, except some still smaller which seem 
to be perpendicular apophyses or belong to a later series, make hills of less altitude. Those that appear at the 
lake shore are from twenty to fifty or 100 feet wide. Each one occupies a fissure in the old formation due to 
some widespread crustal disturbance. Along these fissures were favorable opportunities for faulting in the 
Animikie. The fractures were prevailingly perpendicular to the bedding of the slates, and the smaller dikes 
exhibit a horizontal columnar structure, while, so far as observed, the large dikes do not show a strictly bssaltic 
structure. These have a coarse jointage running parallel with the fissure, and another irregular jointage which 
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has a rough resemblance to bedding, and in the interior of the state may have been called bedding in many 
instances. This seems to take the place of the prismatic structure of the smaller dikes. It also slopes toward 
the lake uniformly and gives the dike the appearance, when viewed favorably on one end, of having a heavy- 
bedded structure; in other words, of a coarse flowage structure. It is quite reasonable to attribute to this fact 
' the idea formerly prevalent that the gabbro, whether in the form of large dikes or sills, or constituting great 
masses, and without amygdaloid, is of the nature of a surface lava flow. 

It would be an inevitable consequence that such dikes produced surface lavas; and a large area of the 
northeastern part of Minnesota is covered by such Javas. They lie to the south of the region of dikes: and sills, 
and, for the most part, they occur visibly along the lake shore, where they constitute the Cabotian surface traps 
and amygdaloids, but which it is impossible as yet to separate satisfactorily from the traps of later date, 7.e., from 
the Manitou portion of the Keweenawan. 

There is another interesting fact which must be considered. Many of the dikes about Grand Portage cut 
through earlier traps and amygdaloids and such dikes could not have been cotemporary with the dikes of 
Cabotian age. Excluding those surface traps that are certainly later than the base of the Puckwunge conglom- 
erate, 7. e., later than the conglomerate at the base of Grand Portage island, there are surface amygdaloids whose 
date is uncertain, and others that probably preceded the Cabotian dikes and sills. At the west side of Grand 
Portage bay, at the lake shore, in sec. 20, T. 63-6 E., the shore is composed essentially of such amygdaloid. At 
points further west, the same or similar amygdaloidal traps form the most of the coast line, and they apparently 
lie below the red rock of the Eastern Palisades and Red Rock point (figure 98). These old traps, as well as the 
red rock, are cut by one or more series of later dikes, and sometimes these dikes are 100 feet in width (No. 1855), 
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and have the direction and aspect, and apparently the age, of those that rise into mountain-like ridges further 
north; at least it is not possible, as yet, to distinguish them from the great dikes. Inasmuch as there is reason, 
geographically considered, to ally these amygdaloids west of Grand Portage bay with those later than the 
conglomerate of Grand Portage island, and since there is no apparent lithological difference, thus making them 
of Manitou date, they are provisionally placed in the Manitou, of a date later than the Cabotian dikes and sills, 
although the great dikes that penetrate them seem to be referable to the age of the Cabotian, and of the 
group that forms mount Josephine and the associated red rock, the debris of which is found in the Grand Portage 
island conglomerate. But those westward from Deronda bay are consid- 
ered older, occupying an epoch of time when the premonitions of the great 
gabbro revolution were displayed in the form of volcanic ejecta which 
were spread over the surrounding regions in the form of lavas and perhaps 
of ash. They may be substantially the time equivalent of the Grand Port- 
age graywacke. 

At the point above mentioned (sec. 20, T. 63-6 E.) the dike runsin the 
usual direction (figure 99) constituting the chief feature of the point, the 
little east-facing bay being due to the retreat of the coast line on the north 
1856 side of the dike where the amygdaloid has been more easily and rapidly 

. Sandy beach worn away by the friction of the coast. The softer rock (No. 1856) resembles 
1855 some of the amygdaloid of the south side of Grand Portage island, and less 
sone of the amygdaloid seen on the south side of the southeasterly island 

of the Lucille group. In much of its surface wall, facing north, it has 

quartz fillings, but in general the pittings of the weathered surface are due 

FIG. 99. DIKE CUTTING to the removal of calcite. The dike is about 100 feet wide, and is fine 
AMYGDALOID. grained and dense at the contact with the amygdaloid, but toward the centre 

the feldspars are an inch and a half across. 


Sec. 20 


Other basic dikes appear at the lake shore further west, cutting both these, or 
very similar trap and amygdaloidal beds, as well as the red rock at Red Rock point. 
In the bay east of Red Rock point is an interesting exhibition of these older 
amygdaloids. The network of dikes here has been described, and some of them 
illustrated by Norwood. The dikes are represented by Nos, 233, 234, 236 and 242: 
and the rock cut by them, by the Nos. 282, 235, 237, 238, 239, 240, 241, 1824, 1825 
and 1826. These beds are curiously contorted and upheaved. Kock No. 237 forms 
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an isolated mound, standing between the beach and the lake. It is curvingly bedded 
and laminated, rising eighteen feet, and extends eighteen feet on the beach, shaped 
like a haystack, and has a reddish-brown color. Much of this rock 1s closely jointed 
and slaty, the slates curving about so as to visibly turn a right angle in thirty feet, 
1. e. with a chord of thirty feet from one radius extremity to the other. The curva- 
ture continues so as to make more than a right angle, and in some cases it goes 
back in exactly the opposite direction. It also shoots upward and crosswise; at the 
same time it is cut by joints at sharp angles, thus becoming erosible by the beach 
action. It has much the aspect of a contorted sedimentary rock. It has large 
dish and basin-shaped areas. The strata are from one-half to one inch thick. 
Where it is amygdaloidal the fillings are large and made in part of calcite and 
fluorite. But usually they are small and consist of agate (No. 1826A) with a green 
exterior, making them look like robins’ eggs. This rock, and its western extension 
toward Red Rock point (rock No. 1823), in some of its aspects resembles the so-called 
Two Harbor rock, which is a glassy basalt, and it probably has an igneous origin. 
The thin sections show that it contains, in proportion of 25 to 50 per cent, undiffer- 
entiated magma which is continually dark or nearly dark between the nicols. In 
this lie the feldspar and other microlites. The narrow dikes, being firmer, run out 
into the shallow bay, forming low, long islands. 

The only structural evidence that can be adduced going to show the pre- 
gabbro age of these old amygdaloids was met with on the islands of the Lucille group, 
_ whichlie south of Pigeon point (plate GG). Magnet island, the most southeasterly, and 
probably High island, in part, consist of amygdaloid. The former has a hight of about 
thirty feet, and the grand structure seems to be that of a series of heavy trap beds, 
sloping south at an angle about 20°. At the east end the rock is highly amygdaloidal 
(No. 1847), with green fillings, but some (No. 1845) is massive. The latter has coarse 
pyroxenes entire, i. ¢., of earlier generation than the feldspars, though embracing the 
olivines. It also contains considerable areas of magma-residuum, which now is 
converted to a greenish, nearly isotropic substance. Through these rocks runs a 
large dike of porphynitic gabbro (No. 1849), in which the feldspar crystals are large, 
and weather white, like huronite. This runs diagonally across the island, and is 
apparently the same that appears on the north side of Syenyte island, next west. 
That this dike is of the Cabotian age is indicated, though not proven, by the fact that 
it contains small transported masses of red rock (No. 1850) derived from contact with 
the sedimentaries in a manner similar to those seen on mount Josephine. That 
the amygdaloid cut by it is of pre-gabbro age is indicated, though not proven, by the 
close proximity of the Animikie slates and the general environment. If this amyegdal- 
oid be not of pre-gabbro age, the Grand Portage conglomerate must intervene between 
Magnet island and Syenyte island, which is highly improbable. 
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Again, on High island, similar surface eruptives are very nearly superposed on 
Animikie slates; at least, there is a more or less bedded condition of igneous rock, 
while in part the island consists of slates. However, the knowledge we have of that 
island will not warrant the assertion that any of this bedded igneous rock is amygdal- 
oidal. It may be of the nature of a sill between the Animikie strata directly con- 
nected with the main dike of the island. 

Therefore, although the evidence is not conclusive, 1t will warrant the hypothesis 
that these surface eruptives are closely connected with the Animikie, and this 
hypothesis has to be extended to cover the similar rocks westward from Deronda 
bay. ; 
The red rock rises in an isolated knob near Little Portage bay to the hight of 
over 130 feet, is found in streaks and patches, as represented on the plate (No. 55), 
to a point northwest from Grand Portage village, where it occurs as a portion of the 
southward-facing wall of one of the great dikes (No. 1834C). It is in general found 
in immediate contact on the basic rock of some of these dikes, or is closely associated. 
However, the eastern palisades, which consist of this rock, appearing on the beach a 
short distance west of Red Rock creek, are not known to be so closely connected with 
the basic rock, and are more likely to be a portion of a large surface lava flow, and, 
as such, it may be supposed to continue westward to the main area of this red forma- 
tion to the west from the area of this plate. This is, however, largely a matter of 
conjecture, for there is no knowledge of it in the banks of the Mawskiquawndu river, 
which flows across the area which it is presumed to occupy. Throughout the valley 
of this river the water runs, according to Prof. C. W. Hall, wholly on drift materials. 
At the eastern palisades the quartz porphyry (No. 620) rises abruptly from the water 
to the hight of about thirty feet, breaking off square and suddenly on the land side: 
The rock extends but a short distance in the beach, perhaps 150 feet, with a dip toward 
the southeast. There are slight exposures of the same kind of rock a few rods further 
west, and still further west are basic trap exposures in the beach which appear to 
pass below the red rock. Back from the shore this rock can be traced in a tolerably 
level plain, according to Norwood, to the first high dike. 

At Red Rock point the same rock reappears, but dips south-southwest. It is 
here cut by several dark-colored basic dikes, and, on the east of the point, it rises in 
a perpendicular wall. <A little further east, along the beach, the succession of out- 
crops is such, united with the dip, that it is apparent that the same horizon as on the 
west of the eastern palisades appears again. Here there is apparently a hthological 
transition to more and more basic rock in passing toward the east, as represented 
by the rocks Nos. 1822, 1823, 1824. It seems probable, therefore, that the red rock 
that appears on the shore at the eastern palisades is a surface lava flow lying between 
two basic flows. 


516 THE GEOLOGY OF MINNESOTA. 
(The basic Cabotian rocks. 


Two of the Lucille islands consist essentially of this rock, and it was struck in 
the bottom of the mining shaft on Governor’s island, where the vein which was the 
cause of the exploration seems to have entered red granite, showing the origin of 
the fissure to be later than the Cabotian. This is an inference from the existence 
of large calcite masses carrying bornite adherent on fresh granite fragments which 
came from the bottom of the shaft (No. 1853). There are also pieces of fine-grained 
red rock enclosed in the porphyritic diabase, which cuts diagonally across Magnet 
island, 

Syenyte island consists largely of quartz-porphyry. Seven east-west dikes cross 
the red rock, varying in width from three to forty feet, the northernmost and 
highest being the porphyry dike (No. 1849) seen to cross Magnet island. 

At the old mining station of the Lake Superior Copper and Silver Mining 
company on Governor’s island, just north of Little Brick island, an observation can 
be made as to what becomes of the black slates when subjected to the influences 
that fuse and then form granite and quartz-porphyry from the quartzyte of the 
revion. In general they are known to become dense and hard, with much jointing. 
But here, near the boiler house, is a dike running east and west through the slates. 
This dike is only ten or twelve feet wide, but in some places the adjacent slates are 
not only hardened, but on weathering they turn grayish-red or pinkish, and in one 
angular projection on which the heat of the dike may be supposed to have acted 
more effectively, there are seen developed some red orthoclase crystals which are 
scattered through the dense matrix like those of a porphyry (No. 1854). This isa step 
toward showing that the black slates, although much less amenable to the alteration, 
can be made to take the crystalline condition by contact with heated basic intrusives, 
‘and also that they could be made to assume the condition of red granite and of 
quartz-porphyry. 

The quartzyte shows its easy transition to a crystalline condition on the east 
side of mount Josephine, as already stated. There could be no plainer ocular demon- 
stration of the origin of this rock from the sedimentaries than can be obtained by a 
brief review of the relations of the basic and the acid rocks here exhibited. The 
porphyry (No. 1839) appears in patches in the quartzyte. This is not only crystal- 
line, but in addition has distinct larger crystals of orthoclase and somewhat rounded 
crystals of quartz. It has been so nearly molten that it has entered cracks in the 
parent rock, which was less plastic. In some places the parent rock is spotted with 
red and green (No. 1840), and at a point a little further up the hill, toward the north- 
east, along by a branch dike that comes across the quartzyte from the mother dike 

further north, the quartzyte is largely porphyritic, and then weathers a bright red 
color. There can be seen all the stages of transition in the various parts of these 
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hills, and in some cases there is, within a few inches, a visible change from frag- 
mental through hardened quartzyte to sub-crystalline rock and to quartz-porphyry. 
In other cases it appears that quartz-porphyry is formed in strings not more than 
half an inch wide, running through the gray quartzyte. Again, it occurs in blotches 
of irregular form, usually elongated with the main structure; or it seems again to be 
like nodules, and in the centre of the nodules may be larger amounts of quartz. A 
similar series of changes in the slates and quartzytes of the region can be traced at 
Little Portage bay, some of the clastic rock becoming wholly recrystallized and 
converted, toward the north, to gneiss and to “red rock,” which cannot be separated 
from the series seen in the little hill which rises about 150 feet, at almost half a mile 
west of the bay, the whole being due to the heat generated by the great gabbro dike 
which forms the axisof Pigeon Point peninsula. The position of these rocks (described 
in vol. v) is shown by figure 100. 


FIG 100. LITTLE PORTAGE BAY, PIGEON POINT. 


The carbonaceous slates that exist ata lower horizon in the Animikie have given 


a characteristic manifestation, in connection with this metamorphosis, in the forma- 
tion of considerable deposits of graphite, which formerly attracted attention for its 
prospective economical value. This occurs on Pigeon point (Nos. 270, 271, 1841), S. 
W. 4 sec. 32, T. 64-7 E. The rock here is quite quartzose, but apparently with 
secondary quartz, and is charged with graphite in the form of nodules from the size 
a pin head to one-half or three-fourths of an inch in diameter. Some pieces are 
two or three inches across, and in the working (for silver) in the shaft sunk here 
some were found more than a foot in diameter, usually in flat and irregularly 
shaped slabs. The phenomena here, and the mineral associations, as well as the 
geological environment, are all similar to those at Silver islet, near Thunder bay. 
The Puckwunge conglomerate. There was a cessation of the igneous disturbances 
which characterized the Cabotian revolution, but the agitation of the ocean was 
continued and violent. During this resting-period of the volcanic forces there was 
formed an important series of fragmental strata the base of which is this conglom- 
erate. Within the area of this plate it is known only at the base of Grand Portage 
island, but it seems to extend, in connection with its overlying sandstones, across 
the Indian reservation northwestwardly to the hills on the south side of the Puck- 
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wunge valley,* where its stratigraphic position is indicated, and its appearance is 
described in another chapter (plate 69). At Grand Portage island it leaves the coast, 
reappearing on Isle Royale, where it is above a lot of basic eruptives (No. 560), and 
has a considerable thickness of red sandstone and red shale above it, but in places 
is separated from the sandstone by a series of basic lavas.t The rocks of (trand 
Portage island have been thus summarily described: 


The lowest beds exposed are at the northeast corner of the island; they consist of coarse and fine-grained 
sandstones. and arenaceous slates. They are cut and overlain by sheets of basic igneous rocks (at least a con. 
siderable part of which are effusive), which dip in entire conformity with the underlying clastics. The lowest 
exposed layers of the sandstone are decidedly conglomeratic, the foreign pieces often being several inches across. 
These conzlomerate beds are composed largely of fragments of quartz, gray and reddish quartzyte, siliceous 
slate, a dark, flinty rock, red quartz-porphyry, and red granite. Most of these, more especially the quartz 
pebbles which make up the bulk of the rock, are clearly water-worn and well rounded. The quartzyte and slate 
pieces are similar to those occurring just to the north and northeast in the Animikie series, and the same can 
be said of the quartz-porphyry and granitic pebbles. In fact all the pebbles of the conglomerate can be matched 
in the Animikie strata near by. The red quartz-porphyry and the granite have been shown, at least in their 
present condition, to be later than the Animikie,t and rocks of this nature which could have furnished the pebbles 
in the conglomerate under discussion do not seem to be known in this region, except in the Animikie and later 
series. Moreover, the alteration and recrystallization of the Animikie sandstones, pebbles referable to which 
occur in the conglomerate, date from the same time as the quartz-porphyry and granite. In addition to the fact 
that the pebbles of the conglomerate can be referred to the Animikie rocks close at hand much better than to 
any others, is the fact that the sandstone and conglomerate of Grand Portage island do not show evidence of 
having been subjected to metamorphosing forces, as do the sandstones of the Animikie in the immediate 
vicinity.§ 


Above the conglomerate is not much sandstone visible on the island (perhaps 
ten feet), and the conglomerate shows a total thickness of about twenty feet, the 
whole dipping 8. 10° E. at an angle of 8° or 10°. The conglomerate is shown by 
rocks Nos. 254, 549, 1531; the sandstone by Nos. 256, 546, 548, 1832, 2074; the surface 
lavas, cotemporary with the fragmental accumulation, by Nos. 255, 542, 548, 544, d49, 
547, 1833, 2075, 2076, and by the most of the rocks of the higher part of the island 
(Nos, 544, 1834), and the dike rocks by Nos. 541, 550, 551. These are fully described 
in another place. It is sufficient to add to the statements already made, as to the 
nature of these fragmental strata, that in some thin sections of the darker portions 
of the sandstones can be seen fragmental devitrified glass grains, and evidences of 
tuffaceous accumulations, indicating cotemporary volcanic action. The bottom of 
the lava flow (No. 1533) contains fragments showing a flow structure, itself containing 
considerable basaltic glass and being very fine grained. The quartzyte seems to have 
accumulated very readily between the eruptions, and rapidly resumed its prevalent 
character, although the very lowest portion of a layeris unusually dark colored from 
abundance of the basic debris (No. 2074). At the top of the quartzyte layer (No. 2077) 
there is apparent but httle effect of the overlying trap sheet visible in the quartzyte. 
It is slightly baked and hardened. In some cases a thin, distinct quartzyte mass, 


*N, H. WInNcHELL. Some new features in the Geology of Northeastern Minnesota. Amer. Geol., vol. xx, p. 41, 188%. 

tbr. U.S. Grant called attention to the significance and importance of this conglomerate on Grand Portage island. 
Amer, Geol., Vol. Sill, p. 437, 1804. 

tW 8S. Bayury. The eruptive and sedimentary rocks on Pigeon point, Minnesota, and their contact phenomena. U. +. 
Geol. Survey, Bulletin No. 109, bye. 

§$U.S. GRANT. Up. cit. 
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lenticular in form, is wedged into a space between or within the eruptive sheets. 
The cement of the quartzyte, as well as of the conglomerate, is sometimes very 
largely calcite, evidently derived from the eruptives, and this also is the filling in 
most of the amygdaloid. 


The data connecting this conglomerate with the outcrops in the Puckwunge valley cannot be said to be 
sufficient nor wholly reliable. No intervening outcrop has been seen by any member of the survey. One of the 
employés,* however, being sent to a large hill southwest from Grand Portage village, distant about two miles, 
reported that the hill was composed mainly of sandstone, and he brought small samples of the rock to illustrate 
it. These samples were as follows, but owing to the information being at second hand they were not preserved: 

At the elevation of about 350 feet above the lake, an outcrop appears of a light-colored rock, on the face 
of the mountain, with a cap of basaltic rock evidently forming the summit. This can be distinguished with a 
field-glass from Grand Portage island. (1) The bottom of this outcrop consists of brown and reddish sandstone, 
and this rises to a thickness of forty or fifty feet. (2) Coarse, more arenaceous, white sandstone, fifty to seventy- 
five feet. (3) Dense, dark-green amygdaloid (?), resembling No. 1833, thickness unknown. This has some 
foreign grains, viz.: red jasper,etc. (4) Coarser amygdaloid, embraced apparently as a foreign piece in a finer grit, 
thickness unknown. (5) Gabbro trap, of the usual variety, forming the top of the hill, thickness tifty feet, more 
or less. Owing to the source of the evidence, and the supposition that this fragmental rock probably represented 
some part of the Wauswaugoning quartzyte, no further attention was given to this report. Its importance is 
made apparent on reviewing the structural geology on a broad scale, since it is hkely to represent the strike of 
the base of the fragmental Keweenawan from the Puckwunge valley to Grand Portage island. 

Note. This was afterwards examined by Mr. Elftman, who identified it as the Puckwunge conglomerate. 
See the chapter on Structural Geology, vol. v.t 


The Manitou. So far as can be definitely affirmed, therefore, the only Manitou 
traps that occur within the area of this plate are those that he on the sandstone of 
of Grand Portage island, and near Grand Portage village, or are interbedded with them 
as surface flows, or cut them as later dikes. They have already been enumerated by 
their field members. What portion, if any, of the trap and amygdaloid which occupy 
the coast west from Grand Portage bay belong to the Manitou, it is at present impossible 
tostate. Structural considerations would lead to the belief that the point next west to 
(trand Portage bay is of the same age as Grand Portage island, and that the forego- 
ing sandstone strata, reported by Pireau, are the equivalent of those seen on (irand 
Portage island, or at least that these traps fall into the Manitou. If this be the fact, 
(which it is hoped may be investigated before this chapter is pubhshed), then consid- 
erably more of the traps along the coast further west would inevitably also fall into 
the Manitou series, continuing as far west at least as the east side of Deronda bay, 
and the accompanying map (plate $5) is so constructed. 

At present, therefore, it is assumed, in order to provisionally adjust the facts 
into a reasonable structural sequence, that there were three series of basic surface 
traps, v1Z.: | 

1. That which preceded the great gabbro dikes and sills, and is closely super- 
posed on the Animikie, and perhaps interbedded with its upper part. 

2. That which was cotemporary with, and resulted from, the great basic dikes 
of the region. These would be superposed on the last, and it would be impossible 


to separate them geographically or structurally. This is the eruptive epoch called 


* Frank Pireau. 
+ The reader will also find a description of the Puckwunge conglomerate in the Twenty-fourth Annual Report, p. 34, 
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Cabotian. Itis probable that all the red rock of the region, if not of the state, was 
formed at this time. Some of it cooled slowly, forming granite, and some was 
extruded as quartz porphyry, and some formed amygdaloidal lavas, 

3. The Manitou traps that accompany the conglomerate and sandstone of 
Grand Portage island, separated from the foregoing by the Puckwunge conglomerate. 

Conformably with this scheme it is necessary to place all the dikes, at least those 
that can be alhed to the mount Josephine type and date, in the Cabotian, and prob- 
ably a great many of the smallerones. It is also necessary to recognize the fact that 
later dikes cut the Manitou traps of Grand Portage island, and that hence there is 
another series; it is not improbable that dikes of this date were quite frequent, and 
it must be admitted that some are seen cutting not only the traps of the mainland, 
as at Red Rock point and at other places, but also passing through the gabbro of the 
main dikes. One is well known by all who have passed over the portage to the South 
Fow! lake, where it 1s conspicuously displayed in the trap sill on the American side 
of the boundary. Many such are noted and illustrated by Dr. Norwood, who repeat- 
edly states that they pass not only through the slates, but also through the gabbro of 
the hills,* a statement, however, which has not been abundantly verified by the Min- 
nesota survey. Many of these, however, may not be post-Manitou. 

Mineral veins, Several conspicuous veins, composed almost wholly of calcite 
and barite, cross the peninsula in a north-south direction. They also contain a 
little amethystine quartz. Other veins carrying “gray copper” in small amounts 
cross the peninsula, and appear on the islands south of the mainland. These veins 
are on sections 32 and 29. Some shallow shafting has been done on the veins that 
appear on section 29. The minerals thrown out are calcite, barite and amethyst, 
with the ores pyrite, sphalerite, galenite and chalcopyrite in small amounts. Prob- 
ably the most valuable product of these veins will be found to be barite. 

An enterprise of mining on one of these veins on Governor’s island was started 
some fifteen years ago under the instigation of Maj. T. M. Newsom, and a deep shaft 
was sunk. With a little copper ore, and less of silver, the work was stopped when the 
shaft, which was large and ‘well constructed, encountered a body of red granite. 
This locality has already been described. 

Graphite has also attracted attention. It is found in round small masses near 
the central part of the peninsula about south from Parkerville, embraced ina siliceous 
rock which has usually been taken for one of the layers of the Wauswaugoning 
quartzyte, but which is so confusedly invaded by the basic rock that prevails on the 
peninsula that it is difficult to affirm that it is not in the latter rock as abundantly 

as in the quartzyte. The basic rock becomes highly silicified by absorption of silica 
from the older rock along the contact planes. 


*Owen’s geological survey of Wisconsin, Jowa and Minnesota, pp. 402, 404. 
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Rock samples, illustrating this area, are as follows: Nos. 228-296 (ninth annual 
report); Nos. 540-553 and 603-620 (tenth annual report); Nos. 1815-1857 (of notes of 
1893); Nos. 2073-2077 (notes of 1896): Nos. 770W-773W (sixteenth annual report); 
Nos. 559E-571 E. 


Supplementary note. Since the foregoing was written a paper by Dr. Elft- 
man has been published in which he describes the glacial lake formed by the obstruc- 
tion of the lower portion of the Pigeon river by the retreating margin of the lake 
Superor ice-lobe in the following words: : 


Lake Omimi. Before the ice had receded beyond mount Josephine it retained a lake of about forty 
square miles in area, lying in the upper valley of the present Pigeon river. The lake bed has an altitude of 
1,255 to 1,360 feet above the sea. Its lowest point is thus about fifty feet higher than the upper stage of lake 
Duluth. The chief deposit consists of stratified clay, exposed along the Pigeon river and its tributaries. 
Beaches have as yet not been identified. The western shores of this lake were formed by high rock ridges. The 
ice-barrier during the largest extent of the lake stood in the vicinity of the western end of the Grand Portage 
trail. The outlet, which has not been definitely located, was probably toward the southeast, and closely con- 
nected with the ice-barrier, which upon receding continually uncovered lower ground. This lake in part occu- 
pied a portion of the area previously occupied by the northern ice-lobe. When the ice receded from the vicinity 
of Grand Portage, lake Omimi disappeared. The name Omimi is taken from the Chippewa name for Pigeon 
river.— American Geologist, vol. xxi, p. 104, 1898. 


CHAPTER XXIX. 


THE GEOLOGY OF THE VERMILION LAKE PLATE, © 


(PLaTE 86.) 
By N. H. WINCHELL. 


Within the area of this plate more fieldwork has been done than within that 
of any other equal area in northeastern Minnesota. That is not alone because of the 
economic interest that centres in the Vermilion iron mines, but also because it 
embraces some of the perplexing and still unsettled problems of the geology of the 
crystalline rocks. 

When the writer first visited the region (1878) it had not been surveyed and 
divided hy the United States government, either into sections or into towns, and he 
was compelled to rely on a pencil sketch of its coast-line made for him on a foolscap 
sheet of paper by Bashitanequeb (plate QQ, figure 1), an Indian of Sucker point, who 
afterwards became one of the most useful guides to the later parties of the survey. 
This sketch is reproduced on the following page (figure 101). 


The first specimens collected (ninth annual report) are referred to their places by reference to this map. 
In making use of these specimens for this report they have been located as nearly as possible by the sections of 
the surveyed towns, as will be seen by consulting the petrographic descriptions in vol. y. A later map, colored 
to show the geological formations, was published in the fifteenth annual report.* 


The general topography. The basin of Vermilion lake is broad and shallow. 
The shore generally rises less than fifty feet within the first ten rods, and through- 
out the area of this plate the hills rise with rare exceptions less than 100 feet above 
the surface of the water. Plate QQ, figure 2, from a photograph, gives an idea of 
the aspect of the lake from a distance. The great tortuosity of its coast line, com- 
bined with the frequency of rocky islands and with the slight relief of the sur- 
rounding country, all coincide with the general shallowness of the basin. This ndge ° 
and its companions, the south ridge and Chester peak,+ all consisting of jaspilyte, 


* The published data upon which this final report is in part based are as follows: 

N. H. WiscHeLl. Ninth Annual Report, pp. 96-105; Phirteenth Report, pp. 20-31; Fifteenth Report, pp. 2U-817; Sirteenth 
Report, po 18; Eighteenth Report, pp. 8-12, 27-4 Also unpublished observations in 1893, 1896 and 1898; Amer. Geol., July, 
tsuv, vol. xx, pp. 41-51; Bulletin vi, pp. 1-112; Amer. Geol. vol. iv, pp. 201-300, 

A. WINCHELL. Fiftecnth Annual Report, pp. 13-28; Sixteenth Annual Report, p. 38. 

H. V. WINCHELL., Fifteenth Annual Report, pp. 413-415; Sirteenth Report, pp. 446-450; 458-482. 

U.S. GRANT. Seventecnth Annual Report, pp. 11-1, 215; field notes of 1883, 1806 and 1888. 

A. H. CHESTER, Alerenth Annual Report, pp. 160-167. 

H. R.SMytTiiand J. R. FINLAY. Trans. Aim. Ins. Min. Eng., Oct., 1898. 

BAYLEY WILLis. Jenth Census Report, vol. xv, pp. 457-467. 

+ This is commonly corrupted at Tower to Jaxper peak. The peak was named from Prof. A. H. Cheater, who directed the 
first exploration of the iron ridges at Tower. 
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essentially, and located in a group, are some of the exceptions alluded to. These 
rise to 1,550 and 1,600 feet above the ocean, the lake having an elevation of 1,360 
feet at high water. It will be seen by consulting the descriptive chapter on the - 
north part of St. Louis county (plate 67), that the Vermilion moraine crosses this 
area diagonally from northwest to southeast. Indeed, the southern and western 
coast line is almost wholly formed by this moraine, against which the Jake rests as 
against a uniform barrier, while the lake itself lies elsewhere directly on the rock 
which 1s exposed in thousands of places. This moraine is piled on the high ridges 
at Tower, mainly on the southern slopes (figure 4, plate OO). 
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FIG. 101. 


The lake shows evidence of having stood, at a former period, about ten or fifteen 
feet higher. At least, at Hoodoo point and about Mission bay are seen lacustrine 
clays and sandy beaches (plate RR, figure 1) that rise above the present water 
level. They may have been formed by a glacial lake, on a partial recession of the 
ice-margin, and therefore they may not*be continuous over the lake basin. There 


is no gorge-erosion at the point of outlet of the lake (plate 5, figures 1 and 2), suffi- 
35 
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cient to cause that amount of subsidence of the entire lake. The water simply flows 
over the rock rim of the basin, at its lowest point, and there is apparently no greater 
erosion than if the operation had continued no longer than a hundred years. The 
rock is mica schist. This general monotony of surface is characteristic of the oldest 
formations everywhere in Minnesota. | 

The Archean. Tn the Archean are here included the following, enumerated in 
descending order, the oldest at the bottom of the list: 

1. Dikes of diabase. 

2, Upper Keewatin, including the Stuntz conglomerate and the attendant 
graywackes, slates and quartzytes; also the siliceous and pebbly green schist of the 
south ridge (figure 2, plate WW). 


3. Granite and igneous gneiss with basic dikes. 


4. Coutchiching, a erystalline condition of the Lower Keewatin adjoining 
granitic areas. 

5. Lower Keeratin, including fragmental greenstones, the jaspilyte ore (figure 
1, plate WW), quartz porphyry, sericitic schist, black slaty jaspilyte and massive 
and agglomeratic greenstone. 

The dikes, The youngest rocks of the Vermilion Lake plate area are seen in S. 
kK. 4 sec. 23, T. 63 18, in the form of two basic dikes (Nos. 2000, 2001, 2002 and 2004; 
also Nos. 1014G and 10]4ats), the last being on Ely island, at the northeast end. These 
are narrow, non-schistose dikes. They have not been broken nor turned from their 
courses by any later dynamic action. They are cross-columnar, and finer at the sides 
than in the centre. They evidently represent the epoch of the latest great disturb- 
ance, either Cabotian or Manitou. In thin section they are seen to have the augites 
well preserved and penetrated in an ophitic manner by the small, sometimes porphy- 
ritic, feldspars. There is no indication of pressure nor shearing action. 

There are two sets of older diabase dikes that cut the Upper Keewatin. Some 
are seen cutting the Stuntz conglomerate and one of these sets cuts the other. They 
are seen as photographed in figure 2, plate SS, but the point of intersection is not 
here shown. The main series consists of one large dike and several branches and 
narrow wedge-shaped masses running KE. 10° 8. (No. 872). 

The rock of the other set of dikes is now in the condition of a greenish chlonitic 
schist (see rock No. 873). This series is not so conspicuous, nor so numerous, as the 
other, but shows two distinct narrow dikes about eight and eighteen inches in width, 
running 10° N. of E., and thus forming an angle of 20° with the other set. 


It was for some time a matter of doubt whether these were true dikes. They manifest a schistose structure 
parallel with that of the conglomerate, and also parallel with the bedding structure of the region so far as any 
such is visible. They are soft, easily shattered, and also appear as short, isolated belts, sometimes not running 
more than ten feet before they pinch out, though one of them can be followed a distance of more than sixty feet, 
when it becomes invisible by running under turf and bushes. In one case one of these splits and forks round 8 
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portion of the conglomerate. One fork dies out quickly, but the northerly one continues for twenty feet before 
it is lost under the soil and vegetation, They also contain a few fragments of Jasperoid quartz and rarely some 
round pebbles of more coarsely crystalline rock like themselves, or like the rock of which they, perhaps, originally 
consisted. That which furnished finally incontestable proof that this system also constitutes a series of true 
dikes was the discovery, after clearing away the turf, that they cut the other dikes, maintaining their identity of 
structure and their walls right across them. The dike-like character of the other system is most evident, not 
only in the manner of crossing the formation and forming angular jogs, but in the basaltic form of the rock and 
its doleritic nature. The mineral nature of the later svstem seems now to differ from that of the older only in 
being more changed by decay. This may be due to the accident of its direction being coincident with the subse- 
quent development of the schistose structure, allowing not only a complete tibrous internal rearrangement, but, 
afterward, a more ready access to all disintegrating agents. No. 873A is a rounded ball of green rock taken from 
the second system. Only two or three of these were seen. In both series can be seen pieces of jasperoid rock. 


The petrographie characters of the rock of these dikes indicate that the dikes 
are very old. They are olderthan the Cabotian of the Keweenawan, for there is 
another set of fresher diabase dikes that are referable to the Keweenawan. Such 
occur in the northern part of the lake (rocks Nos. 2001, 2002 and 2004) and probably 
elsewhere. Similarly two early sets of dikes of basic rock are found on Pine island, 
north part of sec. 35, T.63-16. These cut a micaceous graywacke, the strike of which 
is 10° S. of Kk. The dikes weather gray, and outwardly greatly resemble the gray- 
wacke, but by their structure and their uneonformity with the rest of the rock, are 
seen to be of eruptive origin. Their width varies from three to thirty inches. These 
dark greenstone dikes cut a light-weathering dike, represented by rock No. 88], ata 
sharp angle; indeed, the two series are nearly parallel, but by the difference of color 


the darker dikes can be seen to crowd upon and across the lighter dike. Similar 


irruptive basic dikes are not uncommon further north, where the granitic dikes also — 


begin to appear. Rock No. S77 represents one seen on the southern shore of Menan 
island, which appears to have been originally amygdaloidal. These rocks are all 
very much altered by decay. The feldspars are cloudy with impurities, and the only 
ferro-magnesian mineral present ix a green hornblende. These dikes, therefore, seem 
to date from Archean time. Still, old as they are, they are perfectly distinct and 
distinguishable from the rocks that they penetrate. 

The Upper Keewatin, This consists of the conglomerate of Stuntz island, and 
an uncertain amount of graywackes and argillytes. It was not till 1896 that the 
true relation of this conglomerate to the formation which carries the iron ore at 
Tower was certainly known; but this conglomerate was thought to be an integral 
part of that formation. Owing 


-? 


relations* which not only differed radically from all previous views, but proposed a 


however, to the publication of a theory of its origin and 


remarkable hypothesis, some special examination was made of this conglomerate. 
This was sufficient to settle the main question, although there remain collateral 
Issues that are not settled. 

This conglomerate was fully deseribed, and somewhat illustrated, in the 
fifteenth annual report. Figures 1 and 2 of plate SS, and figure 2 of plate TT of the 
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*SMYTH and FINLAY. The geological structure of the western part of the Vermilion range. Jrans. Aut. Inst. Min. Bng., 
October, L805, 
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present volume represent its outward aspect as photographed in 1886. The last isa 
view of some boulders of this rock near Tower. The former represents a bluff on 
Stuntz island. 

The geographic extension of this rock it is not possible to define, at present. 
This is owing to two causes: (1) So long as its taxonomic importance was not appre- 
ciated it was not considered necessary to delimit it from the rest of the Keewatin; 
(2) Owing to the inherent difficulties that attend any attempt to separate it from the 


‘rocks on which it lies, or from those into which it graduates upward, it is almost 


we 
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impossible to distinguish it from them. Still, as will be seen by examining the geo- 
logical map that accompanies the fifteenth annual report, it is there represented en 
masse, aS extending eight miles east of Vermilion lake, and to recur again at Ogishke 


Muncie lake. The name Ogishke conglomerate was extended over the whole. On. 


the map accompanying the bulletin devoted to the iron ores (No. 6) this rock was 
not separately represented by a color, at‘any place, but it was included in the Kee- 
watin, At the same time the character that denoted a conglomeratic structure was 
expressed on’ this map in numerous places, both in the Keewatin, in the Coutchiching 


FIG. 102. SHOWING DIFFERENTLY SCHISTOSE BELTS IN THE FELSITIC CONGLOMERATE OF STUNTZ ISLAND 
AND THE GRADUAL TRANSITION TO THE UNDERLYING PARENT ROCK. 


and in the region of Saganaga lake. The figure above illustrates a fact which has 
been found to be a common, and, so far as known, an invariable, feature of this con- 
glomerate at the point of overlie upon the older formations. This is from the fifteenth 
annual report, page 313. The transition from the coarsely pebbly conglomerate 18 
gradual, downward, through finer and finer sediments, which lie on the older rock 
nearly in situ of their point of disintegration. They therefore greatly resemble, on 
consolidation, the rock from which they are derived. The sameness is increased by the 
evident downward decay which the older rock suffered at the point of overlie of the 
later; and the differences are further obscured by the subsequent pressing and shearing 
which both have undergone. Similar fine sediments recur at higher intervals 10 
the strata. 
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In the central part of Stuntz island, where the above figure was sketched, the structure of the rock varies 
in belts, along indistinct lines of contact. The rock is essentially alike in composition, but different in the 
fineness of the sub-crystalline grains and in the schistic structure. The finer grain and structure are apparently 
cut across by lines of contact with other rock, but a parallel schistose structure, though coarser, is perpetuated 
in the coarser rock. These are both without apparent boulders, are fine-grained, feldspathic, without apparent 
free quartz, and are represented by No. 2H, the coarser one embracing small lenticular bits of soft, greenish 
serpentinous slate. They both have an imperfect basaltic jointage. Reyond these, that is, toward the south, a 
coarser rock again comes in, having a similar line of contact and transition, the fine-grained belt being about 
twelve feet across. This has the same general color and finely sub-crystalline feldspathic composition, but is not 
go completely homogeneous, On careful examination and particularly on weathered, or burnt, surfaces, can be 
seen, distinctly, small areas of lighter color and denser grain, though more porphyritic, with some elongation in 
the direction of the schistosity. The forms of these areas are seen to be rounded whenever their shapes are made 
evident by the exfoliation of the surface by the action of the fires that have rendered the island nearly bare rock, 
simulating those of the conglomerate, and suggesting that even within this homogeneous rock are still the nuclei 
of pebbles and stones, and that the whole of it may have been at first a coarse conglomerate of pebbles of one 
sort of rock. 


The conglomerate itself is coarse, some of the stones being more than a foot 
across. Stones make up the whole of it, in some places, but in others they are small 
and scattered, or fail entirely. There is, even in the coarsest portion, a little 
schistose, sericitic (?) material, with all its scales and fibres elongated in the direc- 
tion of the greater diameter of the pebbles, that twists about between the boulders, 
its laminve about parallel to the sides of the inclosed stones. The stones and the 
matrix have a general similarity or approximate identity of mineral composition 
and color. The weathering color, particularly of the stones, is nearly white, but 
there is a dull, greenish tinge in the matrix. On fracture, a light green color is at 
once apparent in the stones, and a darker green ora grayish green in the matrix. 
The stones contain much semi-rounded quartz, in grains of all sizes up to one- 
sixteenth inch across, while the matrix not only contains these, but seems to be 
porphyritic sometimes with white feldspar. The pebbles themselves are chiefly a 
greenish quartz-porphyry and show a fibrous internal elongation in the same direc- 
tion as that of the matrix, but they are more durable than a matrix,and often stand 
out distinctly on the weathered surfaces. 

This conglomerate also contains many pieces of jasperoid quartz showing a fine 
banding like that in the ore rock of the mines. Sometimes this is placed across the 
schistose structure, but it generally is parallel with it, and the pieces then seem to 
have the same superinduced lengthening in that direction which is evinced by the 
rounded boulders of the other kinds of rock. This seems to show unmistakably 
a difference of age between the jaspilyte of the hills and the chloritic schists associ- 
ated with it and this conglomerate, and this is shown more fully by facts to be 
stated later. 

The lengthening or compressing of the stones in this conglomerate need not be 
attributed to the effect of the superinduced schistosity, which must have been caused 
since the later system of dikes above referred to, inasmuchas those dikes are schistose in 
the same manner and direction; for if any stone, whatever its source or nature, not 
absolutely round, be cast into a liquid, whether water or sediment, it would assume 


528 THE GEOLOGY OF MINNESOTA. 


(Origin of the Stuntz conglomerate. 


a position when it came to rest at the bottom, approximately with its flattened sides, 
or, at least, its elongation, parallel with the bottom on which it came to rest, and 
would remain parallel with the successive stratification, in whatever direction the 
bedding might be tilted. There is no evident sedimentary structure in this conglow- 
erate, but there is a coarse structure, somewhat wavy, simulating a succession of 
sedimentary or other manner of accumulation which dips toward the south, or stands 
nearly vertical. 

In the northern part of Stuntz island the rock of which hes below the conglom- 
erate (figure 1, plate SS) are veins of quartz, and others oceur on the north side of 
Ely island and on the east shore of Stuntz island, some of which have been thought to 
contain traces of gold, and have been wrought to some extent (in 1866). Some of 
these veins are four feet or more in width, but they are irregular and pinch out: at 
both ends, and sometimes they run into narrow veins or deposits of quartz, occupying 
irregular openings that are about parallel with the main structure of the rock, /. ¢, 
extending east and west. 

Frequently are seen, especially in the finer parts on the north side of Stuntz 
island, light-green serpentinous pebbles or fragments (Nos. $74B and 2aH). They are 
venerally elongated with the schistose structure, and their schistose structure runs 
in the same direction. The source of these fragments is entirely unknown, as no 
such rock is known in the region, but they were undoubtedly accumulated with the 
debris of the conglomerate, or are inclusions in the massive quartz-porphyry. 

On close inspection of the rock that forms the northern half of Stuntz island, 
although it is apparently entirely homogeneous, yet in nearly all parts there is au 
indistinct internal structure, evinced by faint blotches of lighter color, and by warping 
of the lamime about such invisible shapes within the rock mass, that shows there are 
inequalities in the material, and in the structure, or fragments of about the same 
material as the matrix. These indefinite characters blend with the surrounding 
mass, and are so nearly identical in composition and grain that they can be identified 
only where the process of weathering brings their forms partially into view.* — In the 
northern part of the island, however, are seen none of the jasper fragments that are 
so common in the southern. The rock instead contains in some places much free 
quartz, some of it being in coarse phenocrysts or clastic grains as large as a quarter 
of an inch in diameter. Compare figure 102, 

Origin of the Stuntz conglomerate, Since the boulders of quartz-porphyry which 
compose the bulk of the material in the coarse portions of this conglomerate, and 
the jasper pieces, though placed with their elongated axes parallel with the schistose 
structure, and also parallel with a rude foliation which might be called bedding. 


*This structure, if not due to a fragmental origin, here, can only be accounted for, as it appeara, by a multiple fracture 
and shearing, similar to that assumed by Messrs. Smyth and Finlay to account for the conglomerate itself. 
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neither of them partake of the schistose structure, and apparently are not changed 
from their original shapes, it 1s evident that the general elongation of the boulders 
is not due to the schistizing process, but that they assumed the positions that they 
have, as well as their forms, prior to, at least independently of, that process, and 
under the action of some force more powerful and more widespread than it. It could 
be no other than that which originated the conglomerate itself. It follows also that 
the material surrounding these pebbles, having acquired the schistose structure, must 
have been in some way different from the pebbles, or must have been treated in a 
different manner. It is hardly possible to suppose that it has been differently treated 
in the dynamical strains to which the rock has been submitted. It remains, there- 
fore, to account for an original difference between the stones and the matrix. To 
the writer there seem to be but two possible ways to explain such a difference, viz.: 

1. A fragmental accumulation as a conglomerate, the fine parts of the sedi- 
ment surrounding the pebbles. 

2. A breeciation such as that supposed by Messrs. Smyth and Finlay. 

It is no novel thing to find a conglomerate sheared and rendered schistose. 
Even common gravitative pressure will develop a slatiness in a fine-grained rock. 
Greater pressure will produce a similar structure In a coarser-grained rock, and 
multiple pressure in different directions will render such rocks schistose. This 
schistosity, however, is attributable to the movement of the individual fine grains on 
themselves and the development of muscovite, not to crushing. If in such a rock 
coarser parts are included, in the form of grains of the same composition as the finer 
grains, they also simply move amongst the finer grains, and are less crushed than the 
finer ones. It results therefore that, in the pressure of a conglomerate, slatiness will 
first appear in the finer portions, and that a schistosity, resulting from pressures 
short of crushing, will appear only in the matrix. Hence the appearance of the 
Stuntz Island conglomerate is only an ordinary phenomenon, so far as these fea- 
tures extend, and its structure would be immediately referred by any observer to the 
ordinary shearimg and pressure of an ordinary siliceous conglomerate. 

If sueh be the nature of this conglomerate it would be almost inevitable that 
the pebbles should be of different kinds. 

On the other hand, as already stated, it has been proposed to refer this rock 
to a very different origin. Messrs. Smyth and Finlay* have urged with great plausi- 
bility and acumen that the fragmental character is due to the brecciation in situ of 
an original massive quartz-porphyry. They suppose that by a shearing along certain 
definite planes parallel to each other, and along another set parallel to each other, 
but making a large angle, approaching 90°, with the other set, and also along a third 


* Op. cit. 
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set of planes approximately perpendicular to both these, the whole rock was cut 
into cuboidal blocks. This shearing may have all been cotemporary, and during 
one general epoch of opposing movements, or the shear-planes in different direc- 
tions may have developed at long separated intervals. Cotemporary with the 
cutting of the rock into blocks, there was much friction of the blocks on themselves. 
This friction rounded the blocks and smoothed their exteriors. The particles 
removed remained fx sifu to produce, on final consolidation, the matrix which now 
surrounds the stones, and on further pressure this has acquired its schistosity, 
Under this hypothesis the stones and the matrix are of the same material. 

To the writer, however, this explanation appears far-fetched, and, on due exam- 
ination, wholly inadequate and contrary to a number of facts which will be mentioned, 

The nature of the stones ts various, Not to mention again the occurrence of red 
jasperoid fragments, and of serpentinous slate pieces, the stones which may be 
called in general quartz-porphyry differ. Some are coarse and some fine. Some are 
charged with small feldspars and others are not. Some bear porphyritic quartzes 
and some do not. Some are quite light-colored and some are dark-colored, and 
amongst them is a liberal sprinkling of fine quartzyte or white jaspilyte, in which 
no feldspathic ingredient is visible. In the latter sometimes the characteristic 
banding, which marks the red and black Jjaspilyte, is faintly developed, showing its 
alliance with the Tower hills. It is, of course, true that even on the hypothesis of 
extreme brecciation, such as urged by Messrs. Smyth and Finlay, there might be 
variations of lithology in the original rock, for a quartz-porphyry is only a phase in 
a process of crystallization of an acid rock, and at some other places it might con- 
tain feldspars, and in others it might lack even the quartzes. But these vari- 
ations would be such as would take place over large intervals. The breccia that 
would result from such a rock at any place would be practically a homogenous 
breccia. There would be no mingling of rock of different sorts in the same square 
foot, or even in the same square rod—at least it would not be the rule to find such 
rocks mingled in the breccia. 

But in this “breccia” such rocks are mingled everywhere. No one can inspect 
the weathered knobs without finding such contrasts, although, at the same time, 
there is a general and broad similarity. Sometimes these contrasting rocks are abso- 
lutely in contact, A pebble may be found different in texture from all those that sur- 
round it, yet in contact, or nearly in contact, with them. Itis hardly reasonable to 
suppose, even assuming such original differences in the rock, that the multiple breccia 
and shear-planes appealed to by Messrs. Smyth and Finlay would, in nature, so guide 
their courses as to exactly cut out an isolated variation in the rock and allow it to 
maintain its differences on all sides without sharing them with its neighbors. Still 
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more 1s necessary, if the theory of multiple shear-planes be true, for those shear- 
planes must have treated a great variety of lithological differences with the same 
partiality. In short, instead of being a homogeneous quartz-porphyry cut by three 
. series of breccia planes, it was a very changeable quartz-porphyry cut by such planes 
as would isolate the various phases into separate blocks without once dividing them 
in such a manner that any one block shall show two or more phases. 

Plate UU, figure 1, is reduced to one-third natural size from a photograph of a 
slab about twelve inches in greater diameter, found on the beach. Accidentally it 
shows the following parts, as numbered in the figure below. Equally varied surfaces 
are seen in great profusion in some parts of the conglomerate, but in others but little 
variety appears. | 


Me 
: 


FIG. 108. PEBBLES IN THE STUNTZ CONGLOMERATE. 


1—Light-weathering quartz porphyry. 

2—Coarse, granular, very feldspathic patch, of rather irregular outline, probably a part of the matrix. 

3—Coarse grit, having no definite outlines but really constituting the major part of the whole slab. In this are distinct 
quartz grains and feldspar crystals. 

4—Indistinetly banded quartzyte in rounded pebbles. 

5—White quartzyte in rounded pebbles, 

6—Gray quartzyte in rounded pebbles. 

7—Nearly black and flinty angular fragments. 


Only the larger pieces are numbered. Smaller ones of the same kinds of rock 
are scattered and mingled together throughout the slab. In this slab there is not a 
great variation in the quartz-porphyry proper, perhaps no greater than might exist 
in a practically homogeneous rock, and it might still be claimed that the jasperoid 
pebbles were acquired, as supposed by Messrs. Smyth and Findlay, by the rupturing 
of the jasper and quartzytes of the iron-bearing rocks at the time of the intrusion 
of the quartz-porphyry. But pebbles that were collected by the writer, absolutely in 
contact, show great differences, as quartz-porphyry, some being almost entirely crys- 
talline and others free from all visible crystals. Such are rocks Nos. 2010 and 2011. 
Of these the latter is a coarsely granular rock, apparently the matrix of the other, 
which is a very fine-grained pebble. In this case, on the hypothesis of brecciation 
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and shearing along planes, the “flour of attrition” is much coarser in constituent 
grain than the rock from which it was derived. 

No. 2018 (figure 103)is coarse-grained, and No. 2014 is fine-grained, but they came 
from contacting pebbles, one about fifteen inches in longer diameter, and the other 
about ten inches, lying as represented above. While these two stones consist essen- 
tially of the same minerals, as seen in thin section, viz., of quartz, a striated feldspar 
and a non-striated feldspar, muscovite and calcite, the manner of distribution of these 
minerals is very different in the two. In No. 2018, the phenocrysts make up the 
most of the rock, and they are frequently in contact, while the surrounding fine- 
grained matter has a schistosity which is rather rigid and rarely accommodates itself 
to these crystals, evinced mostly by the bright polarizing colors of the muscovite as 
they he between the crystals. The feldspars are much decayed, giving rise to calcite 
and to muscovite. Some of the quartzes are large, but, along with the feldspars, they 
have been broken by mechanical pressure, and their fragments are sometimes strewn 
in the finer matrix. Rock No, 2014 has but very rare crystals of the first consolida- 
tion. Indeed, in the whole shde are but two fragments of such quartz crystals and 
two feldspar crystals, the rock consisting essentially of a close, fibrous, fine-grained, 
complex of quartz, muscovite and feldspar, all evidently of secondary origin, and 
developed in consequence of and perhaps cotemporary with the shearing. That this 
fine material cannot be the result of crushing and of shearing of a rock largely erys- 
talline, and like rock No, 2013, is plain from the fact that four crystals remain not 
erushed. It is evident that the stone No. 2014 came from a different rock from that 
which supplied No, 2013, (.¢., from a portion of the general quartz-porphyry which 
must have been some distance separate from that portion that supplied No, 2013. 
It is evident that they could not have been contiguous parts of the same mass. 

Such contrasting and contacting stones of equal size and smaller are common 
in some places, but over considerable areas they are not so evident. Rocks Nos. 
9017 and 2018, both from pebbles, thus differ. They are from the same general 
locality as Nos. 2013 and 2014, viz., the peninsula forming the S. E. 4 see. 20, T. 
62-15. (The characters of these rock samples are given in vol. vy.) 

Non-conformity on the iron formation, Finally, on the same section (sec. 20, T. 
62 -15), the non-conformable overhe of the conglomerate on the jaspilyte is exposed, 
the conglomerate graduating downward into a debris of jaspilyte in angular pieces, 
and upward into quartzyte, graywacke and slate, the whole having a sedimentary 
structure and succession, and a dip of about 55° toward the south, away from the 
jaspilyte. All over this peninsula, which oceupies the most of the southeast 
quarter of the section, are exposures of the two formations, and of the contact plane 


between them. The Jasper and siliceous slates stand nearly vertical, and the cou- 
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glomerate shows great vaniations. Where it is over the jasper it contains a large 
percentage of Jasper fragments, and where it is over the greenstones it consists 
largely of debris from the greenstone. The material most abundantly supplied is a 
debris from quartz-porphyry, and that debris forms beds which are dense and firm, and 
might be mistaken for genuine quartz-porphyry, in the same manner as the debris 
from a granite, when recomposed, might be mistaken for a true granite. In this 
case, however, such dense gray rock graduates in one direction into coarser and 
coarser debris and really becomes conglomeratic, and in the other ito quartzyte 
and into siliceons schists and slates, and apparently into some of the argillytes. Sueh 
a succession is illustrated by the figure subjoined. This was sketched from the 
natural exposure and the strata are illustrated by the samples as numbered. The 
dip is to the south about 45° to 55°, and the exposure is at the shore on the west 
side of the little bay which enters the peninsula from the northeast, and probably 
within the belt represented by Smyth and Finlay as the “third belt of quartz- 
porphyry,” the extremity of the point being the first. 


a 
Swamp ale se cae 
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FIG. 104. NON-CONFORMITY OF THE UPPER KEEWATIN ON THE JASPILYTE OF THE LOWER KEEWATIN. 


The small area of jaspilyte is exposed about ten feet from the base of the nearly 
vertical cliff of conglomerate. The conglomerate layer here has an estimated thick- 
ness of seventy-five feet. It is in no way different from numerous other exposures, 
except that toward the base it is largely composed of Jaspilyte fragments evidently 
derived from the underlying rock. The unexposed interval is about ten feet. In 
the base of the cliff the jasper fragments compose, as estimated, nine-tenths of the 
whole, becoming fewer higher up. On the southern slope of this conglomerate is 
rock No, 2020, which is a finer condition of similar debris, densely compact, of a gray 
color within, weathering white, with scattering, very fine quartz fragments. Itisanar- 
row sheet adherent on the dipping face of the conglomerate. It fallsaway, after about 
ten feet, and graduates into rock No, 2021, which also is ten feet thick. This is more 
Siliceous and rather coarser, the clear, glassy quartzes being quite abundant. This 
contains a few slivers or elongated fragmeuts of some dark mineral or rock (slate?), 
Next south is rock No. 2022, which lias a darker weather-color, and within is quite 
dark, with a greenish tint. It apparently is more feldspathic than siliceous; it is 
fine grained, but abounds in a coarsely foliated and cleavable mineral, which, for the 


most part, runs with the structure. Its feel is notso siliceous and sharp as No, 2021, 
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but more smooth. It is only about two feet thick, but it contains some pieces, or 
pebbles, from a quartz-porphyry, or a rock resembling it, which weather white. It 
varies to rock No. 2023, making in all a thickness of twelve feet. This last rock is 
stil] dark, has scattered cubes of pyrite nearly a quarter of an inch ona side, is strongly 
schistose, and rather fine grained, approaching a coarse argillyte. Lying on these 
beds is rock No. 2024, a gray quartzyte, harsh and sharp, with fine shreds of what 
appears to be black slate. This is almost identical with rock No. 2021. This passes 
under the swamp. 

For the petrographic characters of these rocks (Nos. 2016-2024), in detail, the 
reader is referred to another chapter. In general, however, for a summarized 
description, they are all affected by a structure which makes them split more easily 
in a direction about east and west than in any other, this being the schistose 
direction of all the rocks of the region. This schistosity is most developed in rocks 
Nos, 2022 and 2023, and in the others it gives an imperfect rift or “grain.” They are 
all siliceous, but they differ amongst themselves. Those sections that are made from 
pebbles of the conglomerate are homogeneous, but those made from the finer parts 
of the stratigraphic series show a composite composition characteristic of fragmental 
rocks. There is evident, even in the quartz-porphyry pebbles, more or less fractur- 
ing of the individual quartzes, and somewhat of alteration of the rock mass, but the 
forms of the grains and the homogeneousness of the matrix surrounding them are 
in marked contrast with the structures of the detrital material. 

As nearly as can be determined this outcrop, including all its parts, falls into 
one of the belts of “quartz-porphyry” which are supposed, by Messrs. Smyth and 
Finlay, to extend across the peninsula as intrusions in the jasper. On the contrary 
this is but an isolated patch of the fragmental base of the overlying formation. All 
the other exposures of this rock on the peninsula, but not including any intrusive 
dikes of quartz-porphyry, are of the same nature, structurally, so far as known, and 
instead of being intrusive are all bedded in the same way, and, in some cases, the 
underlying formation is visible. 

The conglomerate varies laterally. Near the centre of this peninsula are inter- 
esting features, described by the writer in 1886.* 


On sec, 20, T. 62-15, the graywacke becomes coarser, with arenaceous grains, and gradually assumes the 
character of a fine jaspery conglomerate in which the pebbles are arenaceous quartzyte of a somewhat ame- 
thystine hue. These conglomerate beds are from an inch to twelve inches in thickness, and alternate regularly 
with argillyte, following the latter in all its tortuosities. It is twisted back and forth, broken, folded and 
“ shortened.” : 

In some places it becomes very coarse, and by the longitudinal shortening it is made to swell out in 
lenticular or in very irregular bunches, the fine pebbles being mingled with the coarser ones. The pebbles are 
from the size of a mustard seed to peas, and also larger, and the matrix is a green soft schist which, also, is 
undistinguishable from argillyte in some of its stages of change. In those places where the aggregation seems 
to have taken place laterally, the pieces are coarser and the cementing rock is not so commonly and so plainly 
the soft green schist mentioned, but is siliceous. Most of the pebbles are jasperoid rock, but occasionally there 
is one of different rock. These latter are found in the coarser portions. 


* Fifteenth Annual Report, pp. 239-248 and 315. 
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In other places, in the graywacke, are seen some pebbles, two or three inches in their longer diameter, of 
the same kind of rock as the pebbles in the conglomerate of Stuntz island, mingled with these fine jasper con- 
glomerate bands. Sometimes these pebbles, much finer, make really the most of the fine conglomerate. Such 
conglomerate bands, however, are narrow and not common here. 

In still other places there is a confused breccia, or apparently a mingling, at least, of graywacke, argillyte, 
sericitic schist, conglomerate and felsyte. Graywacke and argillyte constitute the greater part of the rock at the 
surface, particularly in the northern portions of the peninsula. The bedding direction of this, while distorted 
and reversed over small spaces, yet runs in general nearly coincident with the schistose structure, and is nearly 
vertical. Toward the south further the peninsula develops into a prominent ridge, elongated northwest and 
southeast, consisting of a coarse breccia of jaspilyte. This extends several rods, gradually acquiring more 
rounded pebbles of jasper, then rounded pebbles like those seen in the Stuntz island conglomerate (the Jasper 
pebbles becoming white quartzyte), and at last, just before it disappears on the east side of the point, it presents 
very much the aspect of the conglomerate which forms the bold shore line on the north side of the point in 
section 21, and which extends to Stuntz island. About half the pebbles are of white quartzyte, the rest being 
white quartz-porphyry. It has some bands of fine greenish schist running conformably through it, the same also 
forming the matrix. 

Further north, on the same point, near the centre of the quarter section, is another exposure of jaspilyte, 
some of it being hematitic. It is twisted, broken, and in general has a banded strike toward the north, then to 
the northwest, and then about west, and suddenly ceases. The rock graduates, toward the north further, into 
the same green schist, which at once becomes a conglomerate of white quartzyte and quartz-porphyry. This 
jasper area, which rises so as to form some of the higher parts of the peninsula, is itself a conglomerate, as it 
holds some rounded as well as angular pieces. Indeed, there are strata or belts of fine jasper conglomerate, 
with the schist matrix, running zigzag through the coarse mass, not conformable with the banding of the main 
Jasper masses, but at various angles. In the midst of the whole can sometimes be seen small patches of the green 
schist that forms the matrix. 


Pseudo igneous rocks. The green schist here mentioned appears like that seen 
on the ridge north of Tower (south ridge), and it 1s sometimes charged with fine frag- 
ments of the white quartzyte derived from the ore beds. It not only runs about 
amongst the sub-angular large masses, but where it is free from them it sometimes 
becomes very much like some of the siliceous slates, and even graduates into gray- 
wacke (No. 1H). These both present many of the outward features of igneous rocks, 
but, as will be shown, these features are illusory, and only such as are seen in the 
jaspilyte and in the argillyte of the region, due to folding and crushing of the strata 
upon each other. The rock No. 1H, for instance, which 1s a coarsely granular rock, 
or graywacke, made up very largely of debris from a quartz-porphyry, is, on section 
20, associated unconformably with finer graywacke and argillyte. It is not here 
generally spread, but a patch about thirty feet across strikes diagonally across the 
graywacke. It hasa pseudo-basaltic, columnar structure and contains semi-rounded 
quartz grains distributed somewhat like quartz in a quartz-porphyry, though not 
of uniform size. This belt extends toward the east but seems to divide into two 
parts. 

Similar intrusive action on the part of the jaspilyte into the adjoining green- 
stone has been taken to show the igneous origin of the jaspilyte. A so-called “dike” 
of jaspilyte was formerly distinctly exposed in one of the excavations for mining in 
the north ridge (figure 2, plate RR). There are numerous instances about Vermilion 
lake in the region between the mines and the lake, in which the graywacke beds for 
the same reason are caused to penetrate intrusively into the argillytes. Some were 
once described and illustrated (fifteenth report, pp. 237-244) in order to show that 
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on this evidence for the igneous origin of the jaspilyte nearly all the rocks of the 
region would have to be classed as igneous. On the “ burnt forties” similar abrupt 
and incongruous contacts are seen to oceur between the Stuntz conglomerate 
and the jaspilvte. Here the folds were broader, and the contacts bring out 
the semblance of “dikes” of some size and length, and other apparently igneous 
intrusion. 

Ata place northeast from where this rock divides, following an exposed low 
ridge of rock mostly of slaty graywacke and of graywacke, the latter rock is seen 
to change across the bedding to fissile argillyte, then to a sericitic schist, then to 
hold masses of jaspery quartzyte and black chert, the schistose structure winding 
about them as near Tower, and filling all their sinuosities. This observation shows 
the intimate relation between this green schist and the argillyte, one changing to 
the other. In this green schist are not only large masses of jaspilyte, but pebbles 
of granular white quartzyte like that of the ore rock, some of the latter being an inch 
or two in diameter. 

Conclusion. It may be said, therefore, that this conglomerate performs com- 
pletely the function of a basal fragmental stratum, varying in composition in accord- 
ance with the variation of the older formation. The most remarkable variation is 
to the green schist which embraces the jaspilyte fragments. If it be remembered 
that the schistosity ix wholly a secondary feature, and that a great greenstone 
terrane is the main rock of the iron formation, it is easy to understand that green- 
stone debris would in some places be a noticeable feature even in the basal and 
coarse parts of the conglomerate. This would, however, be rare, inasmuch as such 
debris could hardly be expected to be lodged generally in those places where the 
coarse jasper pieces only could find rest, but it would be carried to stiller waters, 
and then would be dropped with the gentler sedimentation, mingling with the gray- 
wackes and the argillytes in the most perfect sedimentary structure. At the bottom 
of the conglomerate it woud necessarily be only in sheltered places, as between 
large jasper pieces, which are sometimes 50 to 100 feet in diameter, that this debris 
could remain; or it could be deposited on subsidence of a coast line hitherto greatly 
eroded, directly upon the coarse conglomerate which before could not retain it. 
Such features are visible on the “south ridge” near Tower, and are even more per- 
fectly exemplified than on see. 20, T. 62-15. The gradations of the schist there 
may be seen in different conditions.* This subject is further treated in the chapter 
devoted to Structural Geology.+ 
~~ *Compare same descriptions and plates in Rullctin No. vi., pp. 49-50, 52-36, plate iii, 
aigeae ince alias weiorenelisi iwi own (ove @ecsoud “Tideea the wiole com aua caunly imagine 
structural scheme which they apply to the Vermilion range, at Tower, falls to the ground. 

There may be mentioned, however, as faults of their paper: 


1. The parting planes which they illustrate in plate (fizure 4), as the original shear planes along which the formation was 
cut, as supposed, into cuboidal blocks, appear to nut be shear planes (at the left of the figure), but later jointage, and have no 
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The source of the pebbles of the Stuntz conglomerate. Reeent re-examination in 
the vieinity of Tower has also shown the existence of the parent rock in the various 
phases seen in the pebbles. It is in the form of short ridges that extend east and 
west, and is microscopically so sinnlar to some of the graywackes, which consist of 
debris derived from it, that it has not been differentiated from the graywackes. It is 
not known how extensively this rock underhes Vermilion lake, but it is probably the 
source of some of the felsitic sericitie schists seen about the northeastern environs 
along the east shores and about Birch bay to the northwest. [It probably forms the 
northern and eastern portions of Stuntz island, the whole of a high island lying just 
east of the eastern entrance to Stuntz bay, and constitutes the most northerly of the 
parallel ridges on the so-ealled “burnt forties.” The section corner of secs, 18, 14, 23 
and 24, T. 62 15,1s on a ridge of this kind, but the rest of the ridges lying next south 
are composed of fragmental rock, mainly of conglomerate and graywacke. In this 
conspicuous ridge, which rises perhaps 200 feet above Vermilion lake, the rock is a 
gray quartz-porphyry with some feldspars. [Tt is not pebbly. It contains seattered, 
angular or subrounded jieces of greenstone, but none of quartz-porphyry or of jas- 
pilyte. It is massive, except fora rather weak schistosity superinduced by pressure 
(No, 2270), In some places it weathers pinkish, probably from abundanee of ortho- 
elastic material, approximating a granitie structure (No, 2277). 

It is likely that other places could be found composed of this rock. perhaps some 
of Kly island. Its transition to the overlying conglomerate is about as obscure as 
that from the massive greenstones to the fragmental, or from the Saganaya Lake 
granite to the overlying conglomerate. 

On the * burnt forties,” which lie immediately southward from the above described 


vidge, are extensive outcrops of jaspilyte, and by reason of the profound folding to 


causal relation to the boulder forms of which the rock consists, nor any relation to the other schistose wavy planes that surround 
such blocks. 

2. The microscopic characters detailed (on paye 15 of the paper of Messrs. Smyth and Finlay) apply to the pebbles of the 
conglomerate, but not to the matrix in whieh they lie, and have no bearing on the subject to which the authors apply them (page 
16), i... Whether the rock as a whole is water-deposited, for a water-deposited pebble would probably retain the microgeopie 
structures of ifs parent rock. 

3 The so-called ‘irruptive eoutaets” whieh the authors depend on to prove the intrusive nature of the graywacke 
(quartz-porphyry “are. at least many of them, fracture contacts, produced by the great crumpling and thrusting over each 
other which the strata have sutfered. This kind of contact was onee appealed to to prove the irruptive nature of the jJaspilvte, and 
the writer showed that the same kind of evidence, perfectly exemplified on see, 20. T. 62-15, would also prove the igneous nature of 
the graywackes and arcillytes, the most unquestionably bedded and sedimentary of all the deposits of the region (isteenth 
Annual Report, pp. 2-243), 

4. The authors make a distinetion between two rocks; one is called fragmental and, being coarse grained, is presumed to 
“belong to a lower horizon than the other sedimentary rocks within our area’; and the other, a‘ granite porphyry and one of 
the phases of their supposed irruptive quartz-porphyry. The former is found ‘at the point north of Mrs. Ackley's boat-house, in 
Tower, in 8S. W. ', S. E.!, see. 30,° fe, on Hoodoo point. The other is at the extremity of the point in seetion AW, already 
mentioned, and is thought to bea belt of quartz-porphyry that cuts the Jaspilyte of the vicinity. Really, so far as the writer can 
judye by field evidence, these rocks are the same, with the exeeption that one is finer than the other and contains very few evident 
pebbles of quartz-porphyry. The coarser one is as plainly a part of the conglomerate as any of the outcrops on that peninsula, and 
is represented by rocks Nos. 2012 and 2013. 

& The authors fail to notice the distinctions between the two greenstones, i ¢., between that of the mines, which is 
intimately associated with the jaspilyte (whether irruptive or fragmental need not be considered), and that which is later and 
certainly fragmental, and which serves as matrix for the basal conglomerate. 

6. They likewise fail to note the distinctions between the intrusive dikes of quartz-porphyry and a recomposed debris of 
quartz porphyry—-a gray wacke —and have classed them all as one and supposed they are all intrusives cutting the iron formation. 
There may be both acid) and basie old intrusives in the region, especially the former, but they should be kept distinct from the 
debris that results from their disintezration, 

7. The descriptions, so far as they can be understood, apparently confound two slates, viz., that which is a dependeney of 
the jaspilyte. a dark, nearly black, siliceous shite, passing to chert, of the age of the jaspilyte, and that which is an argillyte and 
associated intimately with the gray waekes that belong both above and below the non-conformity, . 

&. They aserive to the writer various notions which he never entertained, viz., that schistose structure is ‘proof of sedi- 
mentation’ (page 5), that he never considered the idea’ that the schist might be irruptive " (page 7), and that the Lee hill is “ sepa- 
rated from the Soudan hill by a fault involving a heave of about one mile" (page 7). 
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which the locality has been subjected the Stuntz conglomerate and some of its finer 
phases have been brought into abrupt contact with this original jaspilyte, both par- 
allel and perpendicular to the general strike, a relation which might be mistaken, as 
has been done by Messrs. Smyth and Finlay, for an example of intrusion of one rock 
upon the other. 

This occurrence of quartz-porphyry in the Lower Keewatin 1s a repetition of 
what may be seen in Lake county, in the region westward and southwestward from 
Snowbank lake, where it occupies extensive areas, and geographically lies between 
the oldest massive greenstones and their overlying conglomerate, and a series of later 
greenstones which contain jaspilyte iron ore. 

The granites and the Archean revolution, The evidence is not altogether satisfac- 
tory as to the relative date of the intrusion of the granites in the northern part of 
this area, and the metamorphism of the clastics which accompanied it, i e., whether 
this revolution followed or preceded the Upper Keewatin. The subject has not been 
investigated in the field since the recognition of the separateness of the Upper 
Keewatin from the Lower. The crystalline schists that are found in the northern 
part of Vermilion lake come on gradually by a metamorphism which increases in 
degree toward the north, the unaltered schists being such as prevail largely about 
Vermilion lake, so far as can be distinguished, and apparently conformable with the 
slates and yraywackes of the Upper Keewatin. They are, however, in general more 
schistose than the Upper Keewatin, and resemble those schists which in other places, 
as north of White Iron lake, and north of Long lake, are changed in the same manner 
by the granitic intrusion and become the crystalline schists of those places, and these 
are of the Lower Keewatin. The probability is therefore that the granitic intrusion 
in the northwestern part of Vermilion lake took place before the accumulation of 
the Stuntz conglomerate, and that it was the prime cause, in a dynamic sense, which 
separated the Keewatin into two parts. 

About Moose, Snowbank and Disappointment lakes, the granitic revolution was 
after the formation of the Ogishke conglomerate, and that conglomerate is converted 
into the mica schists of that region. 

There are apparently three epochs of granitic intrusion, and one of quartz- 
porphyry. There are various places where quartz-porphyry dikes penetrated the 
Archean prior to the Archean revolution, and these intrusions gave origin to the 
materials of the Stuntz conglomerate, already described, which lies non-conformably 
on the Lower Keewatin. ‘Two sets of granitic dikes cut the one the other, and they 
are apparently later than a third set which rise into prominence and are visible 
further north. Irrespective of this there are certainly two sets of granitic dikes 
cutting the mica schists, etc., in the northwestern part of Vermilion lake. 
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The relations of these acid intrusives to the basic and to each other can be seen on 
sec. 36, T. 63-17, opposite Avis island. The earliest seems to be one of the sets of 
basic dikes (No. 1985). This is cut by granitic dikes, one set of which cuts the other. 
The earlier one of these is represented by rock No. 1983, and the later by rock No. 
1984. The latest, as observed at this point, is rock No. 1982, while the mica schist itself 
is No. 1981. Besides these distinct cases of sequence, showing greenstone both older 
and later than the granite, there are also mixed conditions in which there seem to 
be inclusions of acid rock that stain the greenstone. There is sometimes great 
confusion of structure, but in all cases the different rocks (greenstone, granite and 
schist) can be identified. 


art) 


EZ - 


FIG. 105. SEQUENCE OF GRANITE AND GREENSTONE DIKES, MENAN ISLAND. 


On Menan island where the relations of these dikes to eaeh other were sketched 
in 1886,* the above figure shows the general structure. There are two granites. 
One is cut by a straggling dike from the other. The older is rock No. 1986 and the 
younger No. 1987. In thin section they do not show any noteworthy petrographic 
differences, but the older one appears in the field finer yrained and whiter than the 
younger, which is reddish. Thissame younger straggling dike continues on through 
some of the mica schist, directly into contact with the great greenstone dike to No. 
877, and there is cut off by the greenstone dike, which shows two epochs of granitic 
intrusion, one cutting the other, previous to the greenstone dike No. 877. At 
another place on this surface an older greenstone is cut by the red granite No. 1987. 
This greenstone is rock No. 1989. For more,definite description of these rocks the 


—.—.. 


* Fifteenth Annual Report, p. 288. 
36 
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reader must consult the corresponding numbers of the chapter devoted to the petro- 
graphic geology in vol. v. 

At a point a little further north, on Menan island, is a gray rock (No. 19 
fine-grained, six inches wide, cutting granite (apparently the younger granite), which 
is cut by a still later greenstone. Rock No. 1990 also cuts this later greenstone. 
When a greenstone dike cuts the granite it is apt to become schistose, especially if 
it runs in the direction of the prevailing schistosity. 

On the east side of the channel, where the route runs north, at N. W. 45.5.4 
sec. 26, T. 63-7, is a rock (No. 1991) that is supposed to be of the same nature as No. 
1990, the youngest of the eruptive rocks of the region, which appears in the form of 
a spreading laccolith, or irregular mass, in the midst of the schists and granites, 
forming the highest part of a knob a little back from the lake. This rock is fine- 
grained and gray, and is evidently an important irruptive of the Archean. It is also 
penetrated by a coarse, pegmatitic vein-like granite much lighter colored (No. 1992). 

Which one of these granitic intrusions, or whether all of them, can be con- 
nected with the series of granitic dikes that characterize the transition belt, i. e. the 
change from mica schist to gneiss and to granite, which supervenes still further 
north, it is not yet possible to state. But it is probable that rocks Nos. 1991-1993 
are connected with that great intrusion, and that the other intrusions were earlier. 

Allusion has already been made to the acid and basic dikes of the region, and 
to the probability that the youngest series of the acid dikes is the southern repre- 
sentative of the great granitic intrusion, which also penetrates the schists in the 
manner of dikes. Indeed, the dikes that begin to appear on the shores of Birch bay 
and on Menan and Avis islands increase in number toward the north, and finally merge 
- into a great granitic area, replacing the schists entirely, the schists becoming grad- 
ually more gneissose, until they become a pronounced gneiss with parallel sedimentary 
banding in the same direction as that of the schists. It seems, therefore, from all 
the evidence at hand, that the great revolution which produced the granites and 
gneisses which extend across the northern portion of this area, was the epoch of 
generation of the latest of the crystalline rocks of the Archean of this plate, and that 
these rocks, instead of being placed at the bottom of the Archean, belong at the 
top of the Lower Keewatin. 

These rocks are generally not sheared. The granite rises in domes and hills, 
and sometimes produces a rugged country, but it is not much more elevated than 
the areas of the schists. It may have been originally much higher, but, if so, the 
decay of all post-Archean time, the base-leveling action of the erosive agents of the 
atmosphere, and especially the abrasion of the glacial epochs, have removed the 
principal elevations and reduced the country, in the main, to a comparatively uniform 
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plateau, with undulations usually of less than a hundred feet between the valleys 
and the hills. 

The rock varies from coarse to fine grained, and from nearly white to red. It 
is quite likely that within the general area are patches of massive rocks of different 
Archean dates, preceding the epoch of the general revolution, and that some of these 
variations are due to difference of date and of genesis, but none of these distinctions 
have been followed out in the field. The whole region is a forbidding granitic waste, 
and but little time has been spent on it. | 
_ The samples that have been examined carefully are the following: Nos. 1990, 
1991, 1992, 1993, 1994,19964. These examinations are yet to be made: Granites, Nos, 
924, 927, 932, 936, 940, 941, 942,943,944. The details of the petrographic characters wil] 
be found in another chapter. In general, it is necessary here only to call attention to 
a feature presented by the feldspars of these granites, viz.: that they are frequently 
very much altered and very fresh in the same rock. In the case of the altered feld- 
spars the alteration is greatest at the centre, which is the reverse of an alteration 
produced in a feldspar by weathering. In general, the rock of these granites is 
unsheared and unbroken by pressure; the fresh feldspars being secondary growths 
produced by a thorough recrystallization of an old rock tn situ with easy access of 
moisture. The old feldspars are sometimes plagioclase and much of the new growth 
consists of microcline. The quartz is wholly fresh, and dates from the generation of 
the microcline. 

With the granites are here included all those gneisses that are essentially homo- 
geneous, and which were probably also of irruptive origin. They differ from the 
massive homogeneous granites in having parallel separation planes without miner- 
alogical variation.* 

Lhe crystalline schists and gneisses (Coutchiching). This series of rocks, especially 
the mica schists, have been called Coutchiching by Mr. A. C. Lawson, under the sup- 
position that they held a definite stratigraphic position. About the same time, but 
a little later, they were named Vermilion by the writer, who included in them the 
dark hornblendic gneisses, diorytes and schists which are usually developed in close 
association with the mica schists. The earlier term was adopted by the Minnesota 
survey under the “rule of priority,” and it has appeared in all later reports. There 
is, however, no certainty and but little probability, that the mica schists described 
by Lawson at Rainy lake are of the same date, as sediments, as those of Vermilion 

lake, although it is highly probable that they were metamorphosed at the same date, 
at least at the same general epoch. 

An enormous thickness of rocks had accumulated prior to this revolution, and 
they had been invaded by separate epochs of minor irruption. Such epochs resulted 


*No. 6 of figure 1, Twentieth Annual Report, p. 16, 1891. 
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in dikes, both basic and acid, as has already been mentioned, and it is probable that 
many sillsand laccoliths existed between the strata even before they were upheaved 
and folded. It is more probable, however, that the epochs of folding and faulting 
were also the epochs of the principal intrusions. The dikes must have been the 
feeders for the formation of surface effusive rocks, and perhaps for the support of 
Archean volcanoes. The crystalline schists, therefore, were likely to exhibita varied 
composition and structure. Some old basic irruptives, as well as eruptives, under 
the pressure, shearing and metamorphism of the Archean revolution, already perhaps 
greatly decayed, were converted into hornblendic schists. The acid dikes of granite 
and quartz-porphyry were changed to crystalline rocks of indefinite characters— 
mainly to gneisses—while the graywackes, argillytes and quartzytes were permeated 
with an internal crystallization, by reason of which was produced the great body of 
the mica schist belt and many gneisses. 

Now, while the seat and acme of this metamorphism was necessarily in the 
deeper parts of the older sediments and older portions of the crust, it is obvious that 
it might break out among the later ones, and that for large areas it might involve 
some of the superficial strata, or the strata last formed, and hence that the mica 
schists may be modifications of strata of different ages, and it is equally obvious that 
large tracts of the earliest rocks might not be invaded at all; and, there having been 
in the region no later similar convulsion, such exempted strata would come down 
to us nearly in the condition in which they were formed, barring only the changes 
that are incident to atmospheric decay, and to the pressures and foldings of later 
geological history. | 

There are a great many places where the transition from the schists to the 
gneiss can be observed more or less favorably. Indeed, as the drift proper is gener- 
ally scant or wanting, this transition can be observed all along the boundary line as 
represented in this plate. The difficulties to continuous inspection arise chiefly from 
soil, vegetation, water and later debris. A very favorable place for examining this 
interesting transition is the west side of Outlet bay, on the dull point which embraces 
the corners of sections 14, 15 22 and 23. 

On the point near the centre of sec. 14, T. 63-17, the rock is partly a breccia. 
This round point bas three exposures; the northern one is this breccia, with n0 
- direction of dip or strike. At the next, toward the south, the rock is gneiss, or hard, 
closely jointed mica schist, or micaceous quartzyte, with a strike east and west, and 
nearly vertical, or dipping north. At the third the rock is evidently a bedded one, 
with little disturbance. It varies from a hard gneissic mica schist to a fine, hard, 
almost flinty, gray, micaceous quartzyte, with a dip of 35° to 40° toward the north. | 
This is rock No. 879. These exposures are all small, from twenty feet to fifty feet 
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along the beach, and do not show their relations to each other by direct contact; 
but the dip seen in the last mentioned would indicate that it lies lower than the 
other two. 

Still further south, about one-fourth mile north of the south side of sec. 14, T. 
63-17, is a sharp, rocky point, projecting east, made up of mica schist and conform- 
able layers of gneissic mica schist, and some syenyte dikes running in the same 
direction, all showing a very evident dip north (exactly) of about 40° from the horizon. 
In this are not only large conformable (or nearly conformable) layers, or dikes, of 
syenyte, but also small isolated and lenticular nests or nodules of syenyte (No. 880). 
These latter swell out so as to interfere with the foliation, which here is the bedding 
structure. It is very evident here that a bedding structure is the cause of, and is 
converted into, the foliation, producing a gneissic structure. Both can be seen in the 
same rock mass. This transition is discussed more fully in the chapter on structural 
gveology,* in vol. v. 

As to the nature and structure of the mica schists, the details will also be found 
in vol. v. The principal minerals are quartz, mica and feldspar with accessory 
amounts of garnet, hematite and magnetite. These are all of secondary origin in 
their present forms, although the elements of which they are composed are supposed 
to have existed in the strata originally in about the same proportions in the clastic 
debris derived from the abrasion of older rocks, not now identifiable, and from 
volcanic ejection. There is often an appreciable amount of hornblende, and this 
sometimes becomes abundant, and thus these schists pass to a hornblendic schist. Itis 
probable that this is an index of the variable amount of volcanic basic debris 
in the original sediments, or of basic massive irruptives intermingled with them 
prior to their metamorphism. The feldspar grains seen in these schists, as well 
as in some of the schists not distinctively known as mica schists, are often difficult 
to distinguish from quartz, especially in thin section by microscopical observation. 
They are glassy and free from cleavage or structure of any kind. If the precaution 
be taken to examine the section in convergent light for the interference figure, it 
will be seen that the curved dark bars, and sometimes both hyperbolas of a bisectrix, 
characteristic of biaxial crystals, cross the field from quadrant to quadrant instead 
of the straight bars characteristic of quartz.t Such feldspars are of .secondary 
origin, and they are sometimes seen in the same section with old feldspars, with 
which they present a striking contrast. In other cases the feldspars, though second- 


——__ = 


*S8ee also N. H. WINCHELL. Some new features in the geology of northeastern Minnesota. Amer. Geol., vol. xx, pp. 41-51. 

+ The so-called “ straight’ bars characteristic of quartz when cut obliquely to the optic axis, are straight under the micro- 
scope only when the section is nearly perpendicular to the axis. As the obliquity increases these bars are curved as they enter 
the field and as they leave it, being straight only when they cross the centre of the field, in exact coincidence with the principal 
axis of one of the nicols. The dark bars of the feldspars are always curved. The quartz dark bar, moreover, can be distinguished 
from that of the feldspar by the fact that the former when curved has one end in the vertical or horizontal diameter. On rota- 
tion it swings into agreement with one or the other of these diameters, and on further rotation it passes through the diameter 
and curves in the opposite direction; whereas the latter crosses the field obliquely as a continuously curved bar, coming into one 
quadrant and leaving the field in the opposite one, never coinciding with either the vertical or the horizontal diameter. 
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ary, are cloudy apparently because of the inclusion of impurities rejected by the 
other minerals in the process of recrystallization. 

‘The Lower Keewatin. The fundamental complex, or the congeries from which 
the mica schists represented on this plate were developed, was, as already intimated, 
a mass that embraced a great variety of sedimentary and massive rocks, although 
throughout much of it no distinctly fragmental grains can now be detected. The 
existing structures are but moditied conditions of original structures. It is the prob- 
lem of the geologist to interpret these modified structures, and in that way to discover 
the nature of the forces which operated to form their original structures, and again of 
those that gathered the rocks at the commencement. This inquiry cannot be entered 
upon here. At this place will be given only a concise description of the rocks as 4 
whole, with reference to other chapters for many details, and for theoretical conclusions. 

The principal rocks are “greenstones,” massive and fragmental greenwackes; 
basic dikes of two or more dates; quartz-porphyries, oraywackes and quartz-porphyry 
dikes; granites and granitic dikes; argillytes, black siliceous slates, Jaspilyte and 
iron ores; quartzytes, conglomerates and limestones; mica and hornblende schists 
and dioryte. 

The popular impression is that these rocks present an inextricable knot, a confu- 
sion of structure and of composition, and that it is useless to attempt to unravel it. 
Such, however, it does not appear to the writer. The progress of the survey over 
the most of the area of these rocks has been rapid, and, sharing in the foregoing 
belief and lacking sufficient time, but little effort has been made by the agents of the 
survey to differentiate these rocks chronologically in the field. Still, as the facts are 
collated, certain leading principles have been found out, and some idea of a sequence 
of structure can be expressed. This is the result of adjusting all the observations of 
the survey made by all its field-parties into a systematic scheme, supported by micro- 
scopical examinations of the rocks collected. It will be observed that in the forego- 
ing enumeration of the rocks of the fundamental complex are included the granites, 
diorytes and gneisses and the mica schists of the Archean revolution, but they are 
the results (not the causes) of that revolution, and as rocks they are of later date 
than the rocks here considered. Not all of the above mentioned rocks occur within 
this area. 

The oldest rock which has been detected by the Minnesota survey is a massive 
greenstone. It is not known to exist in the area represented by this plate, but it 
may occur in that portion which has not been well explored and is drift-covered, 
lying between Vermilion lake and the Giant’s range, and it is not certainly to be 
excluded from the ridges which at Tower hold the iron ore lodes, and which extend 
eastward to Ely. 
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As a derivative of this is the greenstone which is seen closely connected with 
the jaspilyte, which appears to be of fragmental origin, either as detritus or as vol- 
canic ash, or as both. This becomes conglomeratic and agglomeratic, and its thin- 
nest sheets are interstratified, at the mines, with the jaspilyte, and such interstrati- 
fication 1s subject to the various parallel tortuosities of the jaspilyte itself.* This 
rock under such conditions has essentially a sedimentary structure, and as a sedi- 
mentary rock it blends with the siliceous strata that carry the ores of the region, 
and is interchangeable with them. This fragmental greenstone becomes aphanitic, 
and somewhat siliceous, and also, when still more plainly sedimentary, and siliceous, 
it forms green stratified rocks which are above designated greenwackes, and at other 
times it forms a greenish flint. With still further addition of more coarse acid mate- 
rial it passes to graywackes or to argillytes. For the formation of these acid rocks, 
however, it 1s evident that there must have been a source of acid material. There 
must have been, therefore, either chemical precipitation of silica or detrital distribu- 
tion of acid debris, and perhaps both. There are reasons for believing that the 
chemical precipitation of silica and probably alkaline silicates prevailed for a long 
period of time prior to the extrusion of any acid eruptives. The earliest sedimentary 
acid rocks known are the jaspilytes and they consist essentially of chemically depos- 
ited silica and hematite, while the fragmental greenstones that embrace the Jaspi- 
lytes are cut, according to Smyth and Finlay, by the earliest known acid eruptives, 
viz.: by quartz-porphyries. In Lake county, however, is a large mass of quartz- 
porphyry, lower in the series than the jaspilytes, and it may be demonstrated 
by later examination that all the Archean quartz-porphyry originated at a date 
anterior to the jaspilytes. The apparently igneous contacts of the quartz-porphyry 
and the Stuntz conglomerate on the jaspilyte on the “burnt forties” near Tower are 
believed to be due to folding and mechanical displacement. | 

After the sediments had acquired a strong siliceous ingredient, both chemical 
and fragmental, it is evident that acid lands were formed by upheaval of acid masses. 
Such upheavals or extrusions may have been separated by long intervals of time, and 
may have been very numerous, but within the area of this plate but three can be 
affirmed which occurred within Archean time. All these acid igneous rocks, how- 
ever, are, so far as known, of later date than the Keewatin basic ones, with the possible 
exception of the quartz-porphyry. 

There were many alternations of these rocks (the graywackes and the green- 
wackes) and many alternations in the nature of the irruptives that invaded them, and 
that were interleaved with them, but for the most part, they are still easily distin- 


*It might be repeated here that this greenstone” is not that which, as a schist, embraces fragments, large and small, of 
the jaspilyte, as on the south ridge (figure 2, plate WW), but it refers to that interstratification which is exhibited occasionally on 
the north ridge, and which is represented by the photograph (figure 1, plate WW). 
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guished, one from the other. It is only when the derivative is essentially and neces- 
sarily similar to its parent rock, and these are found in contiguity, that it is difficult 
to distinguish a hand sample of one from one of the other. 

Aside from the great metamorphism which accompanied the Archean revolution, 
as described above, there is no chemical change or series of chemical changes worthy 
of note that have passed over these rocks which have rendered alike unlike rocks, 
nor vice versa. The debris from the basic irruptives is still basic debris, and the 
detritus from the acid is still acid, and, when circumstances of later history have not 
been unfavorable, they still retain their evident sedimentary structures. When these 
have been obscured by dynamic forces, and the rocks have been given a schistose 
structure, there is at transition points great difficulty in distinguishing the frag- 
mental from the massive, for this has produced a recrystallization in both, bringing 
them into greater similarity. | 

Nomenclature. There are several epochs in the history of the fundamental 
complex which might be distinguished by special geological terms, and it might add 
to the elucidation and the preservation of the steps of that history to apply such 
designations. At present, however, it is only necessary to call attention to the term 
Kawishiwin, which was given by the writer,in 1888,* to the greenstones, which above 
are stated to embrace the iron ores, and to their massive associates, which together 
extend from the mines at Tower to and beyond Ely, and spread over the region of 
the Kawishiwi river. They can be traced, indeed, continuously from the vicinity of 
Tower to Gunflint lake, where they pass below the Animikie. When this name was 
applied, it was said to designate the latest rocks of the Archean, with the assumption 
that the gneisses and granites of the northern part of Vermilion lake were at the 
bottom of the series. At that date the rocks of the fundamental complex had not 
been much examined, and the prevalent notion that those to which the term Lauren- 
tian had uniformly been applied lay below all the rest was accepted. But any 
statement of the order of genesis of these rocks, so far as they occur in Minnesota, 
made at that date, has to be reversed, and the greenstone terrane, or the Kawishiwin, 
is now known to contain the oldest known rocks in the state. With this qualification 
it is proposed to continue the use of this term, and to include in it both massive and 
fragmental portions of the greenstones of the Lower Keewatin. 

This result has an important bearing on the structural relations of the rocks of 
the Vermilion Lake plate. It reveals at once the general order of succession of the 
strata, for the strata become younger and younger at the surface, on receding from 
the Kawishiwin. 

The iron ores of the Vermilion range. A great many details of the structural 
relations of these iron ores to the enclosing rocks have been given in the earlier 


*Compare Seventeenth Report, pp. 39-42; Amer, Geol., ix, pp. 359-368. 
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reports of the survey.* These were published with a view to show the complexity 
of those relations, and as data for the drawing of inferences as to the origin of the 
ores, and the date thereof. They need not be repeated in full. Only a summary of 
these relations will here be given. 

1. The first and most fundamental fact connected with the Vermilion hema- 
tites is their occurrence in a “greenstone.” This is not a massive crystalline rock, 
but one that is fine-grained, indistinct, and often grades by sedimentary structures 
into a more and more siliceous rock, the silica being of the same compactly and 
finely granular kind as that which is the chief'impurity of the ore. This greenstone 
as it is interbanded with the ore is seen to be the same as that which is interbanded, 
by sedimentation, with certain argillytes. In numerous such cases the iron element 
is wanting, and there results a greenish flint, or a flinty argillyte with beautiful 
sedimentary banding. Indeed there are sedimentary alternations and variations of 
almost all kinds between these leading elements, greenstone debris, argillyte, fine 
silica, iron ore, constituting, as one or the other predominates,a jaspilyte, a siliceous 
argillyte, a siliceous greenwacke, an ordinary fragmental greenstone, a green flint, 
a ferruginous banded argillyte, and in one instance at a higher horizon (plate X) a 
conglomeratic jaspilyte in which the pebbles are of red granite and other kinds of 
foreign rock. The facts go to show that the iron ore was accumulated in the ocean, 
for its larger structures and its associates all owe their essential features to sedi- 
mentary action. These variations are not all visible at the mines, nor indeed do 
they all occur at any one place, but they are to be observed on taking an extended 
survey, and by noting carefully, at different and often distant localities, the transitions 
that the ore deposits experience. The mines are opened in the best ore deposits, 
and that fact precludes the mining excavations from revealing these gradations to 
_ worthless ore and to rock and other associations of the Jaspilitic silica. Still, even 
at Tower, some of these alternations between the ore and the greenstone are plainly 
exposed. 

2. Ifit be admitted that the structures and associations of the ore (?. e. the 
hematite and the quartz) require that they were accumulated in the ocean, it is 
equally imperative to admit that these elements do not show any clastic characters 
as minerals. They do not seem to have been detrital debris. They are as a class 
exceedingly fine and wholly crystalline, though closely banded together in what 
‘appears to be a sedimentary structure. There is no known method of origin for 
such elements, so associated with oceanic water and with each other, except that of 
chemical precipitation. Hence the ore and the silica must have been in solution in 
the ocean, and it was by the occasional mingling of fragmental materials with the 


* Fifteenth and Eighteenth Annual Reports, and Bulletin vi. 
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chemical precipitates that the jaspilyte is caused to grade into flinty argillyte or 
into siliceous greenstone. 

3. If we look for the cause of these precipitations during the accumulation of | 
the fragmental portion of the Kawishiwin, it is necessary to recall the probably 
volcanic character of the epoch in which they were formed. They follow directly 
after the earliest of the greenstones which sometimes still reveal a massive and 
crystalline structure, showing that they resulted from the cooling of a molten basic 
magma. The later greenstone is frequently a volcanic tuff. The ore occurs in this 
later greenstone. The ejections of volcanoes must have disturbed the equilibrium of 
the oceanic solutions, and it is plain that amongst the first and the most copious of 
the precipitates would be hydrous ferric oxide, and hydrous silica. These would 
accumulate in strata on the bottom of the shallow ocean in the neighborhood of the 
Archean volcanoes. The lapse of time has expelled the chemical water from each 
and has allowed the complete crystallization of both in the forms that they now 
exhibit. The rocks have all been upheaved and set on edge since their formation, and 
by pressure and shearing the ore lenses have been modified in shape and folded and 
fractured so as to bring them into present contact with rocks to which, sometimes, 
they have no genetic nor chronologic relation. 

While the foregoing outlines the origin and history of the Vermilion ores, it 
will be well here to state, further, that this history, so far as it relates to their origin, 
is wholly within the Lower Keewatin. Between the Lower and Upper Keewatin 
occurred a revolution which 1s now expressed by a great conglomerate at the bottom 
of the Upper Keewatin (the Stuntz conglomerate at Vermilion lake) and the rocks 
of the Lower Keewatin all contributed to the composition of that basal conglomerate. 
Hence the jaspilyte, sometimes in large masses, as seen in the south (or Lee) ndge 
at Tower, and very frequently in the form of pebbles and as sand, going into the 
composition of some of the Upper Keewatin schists and graywackes, is abundantly 
disseminated as clastic debris amongst the later rocks. This fact has not always 
been recognized, but all the jaspilyte, whether original or clastic, has been considered 
as one in date and origin. This mistake was made in Bulletin vi of the survey, where 
the reader will find a more elaborate discussion of the origin of the Vermilion ores. 
These two forms of jaspilyte are shown in figures 1 and 2 of plate WW. 

It should also be stated, further, that even since the formation of the Upper 
Keewatin profound fracturing and folding have taken place, and that sometimes the 
Upper and Lower Keewatin are folded together and so fractured and displaced that 
large masses of the one are brought incongruously into contact with the other. 
On the “burnt forties,” so-called, situated northeastwardly from Soudan, may be 
seen, as already explained, a good illustration of this profound folding. Here are 
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Lower Keewatin greenstone and Jaspilyte brought into contact with Upper Keewatin 
conglomerate, both standing nearly or quite vertical. The lines of fracture and 
folding mainly run about east and west, but some of them are transverse. The com- 
plication here is still further increased by the occurrence of a series of later diabase 
dikes which have cut both Upper and Lower Keewatin, probably of the same date as 
those of Stuntz island (plate SS, figure 1). 

There is therefore no need to appeal to any secondary cause for the origin of these 
ores; they are original in their present form, and native in the rocks in which they 
lie, and have suffered as little alteration since their generation as any of the Archean 
rocks; probably less, owing to their intractable nature, than the Archean granites 
and greenstones. Occasionally there are secondary deposits of limonite and siderite, 
and the latter is seen in rare instances to penetrate sparsely within the ores; but in 
all cases the microscopical form and relations of the grains show unmistakably that 
the siderite is a secondary product and not an original one. Its crystal rhombs he 
in the flinty jaspilyte in the same manneras pyrite cubes sometimes exist in argillitic 
slates. 


For the special characters of the rocks of this area reference may be made to the following numbers in 
the petrographic chapter of vol. v: 

Rocks of the series of N. H. Winchell: Nos. 379-432; 864-947; 1449-1452; 1502-1509; 1546-1572; 1957-1965; 
2270-2272. 

Rocks of the series of A. Winchell: Nos. 989W-990W. 

Rocks of H. V. Winchell: Nos. 1H-20H; 286H-305H; 333H-357H. 

Rocks of the series of U.S. Grant: Nos, 278G-298G; 1010G-1016G. 

Rocks of the series of J. E. Spurr: Nos. 1818-1848. 


CHAPTHR XXX. 


THE GEOLOGY OF THE CARLTON PLATE. 
(PLATE 87.) 


By N. H. WINCHELL. 


A general description of the geology of Carlton county has been given in con- 
nection with the Carlton County plate (No. 56). In this chapter will be mentioned 
some facts of geological interest of a more detailed nature which were observed in 
the immediate vicinity of Carlton, and the age of the Thomson slates will be dis- 
cussed. 

The area included in plate 87 is a very interesting and important one, scien- 
tifically and prospectively. The former presence of lake Superior at this elevation, 
and the still earlier course of the St. Louis southwestwardly, and the subsequent 
drainage of the lake to a lower level, with a change in the course of the St. Louis, 
have conspired to bring into prominence various geologic and topographic features 
within a small compass. | | 

From Cloquet the St. Louis formerly spread widely over the country to the 
south, and probably occupied the channel that passes through secs. 23, 26 and 39, 
T. 48-17. It then reached the Moose Lake valley by way of the Otter Creek valley, 
and that in which the St. Paul and Duluth railroad runs between Otter Creek station 
and Mahtowa. At a little later date it descended by way of its present channel, 
southward from Cloquet, spreading over the boulder-paved plain that borders the 
river on the west, on which the St. Paul and Duluth railroad is located, to Carlton, 
where it spread more widely, forming a lake-like expanse (glacial lake St. Louis) 
that extended southwestward and found its outlet by way of the Otter creek and the 
upper Black Hoof valleys, reaching the Moose valley near Barnum. Atill later the 
level of the waters was again lowered by the opening of a channel from the Nemidji 
‘valley into the Portage valley. The Nemidji stage of the ancient lake Superior, 
which existed while this ancient channel was occupied, was about 1070 to 1080 feet 
above sea level, and as Carlton is at 1083 feet, the old beach line was probably in the 
near vicinity. We may assume, at least, that the most of the St. Louis valley below 
Carlton was yet under lake Superior, and that the rocks that now form the many 
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cascades and waterfalls between Thomson and Fond du Lac were also covered by 
the drift sheet, secure from abrasion either by the lake or by the river. The lake 
was successively lowered by finding lower outlets till it finally reached its present 
level. Thus by degrees the St. Louis river excavated its present channel below 
Thomson through the drift, leaving as its latest records the precipitous clay cliffs 
that outline it most of the way to Fond du Lac, for its erosive effect on the slates 
below Thomson are almost imperceptible. 

The Thompson slates—their probable age. These slates were first examined in 
1877,* and in the report for that year is a description of their cleavage, joints, dip 
and manner of outcrop, with illustrations. They were thought then to be the same 
as those which occur at Little Falls, on the Mississippi, below Brainerd, “but it here 
shows none of the eoncretionary hornblende, or dioritic rock seen at Little Falls, and 
taken all together, is somewhat finer grained, not showing an evidently micaceous 
composition.” The relations of these slates to similar rocks in the northeastern 
part of Minnesota were not referred to at that time. 

In 1888, on the occasion of an excursion from the American Association for the 
Advancement of Science, from Minneapolis, these slates were examined by a number 
of geologists, including Dr. T. Sterry Hunt. At this time were noticed the peculiar 
limy lumps or “concretions,” and subsequently Dr. Hunt, with the concurrence of 
Dr. J. W. Dawson, reported evidences of a “ keratose sponge” in these limy masses.t 

In 1890, the writer, after a more careful examination of these rocks in the field,t 
made for the purpose of arriving at a conclusion as to the age of the formation, was 
satisfied that they are of the Animikie, and of Taconic age.. At a later date this 
opinion was held with much less confidence, and when, in an extended review of the 
subject by Mr. J. E. Spurr,$ the evidence seemed to preponderate against the 
Animikie age, it was entirely abandoned in favor of the view urged by Mr. Spurr, 
viz., that these rocks belong to the Keewatin. It was with this belief in mind that 
further examination was made in 1893 and 1894, when the various field observations 
and final comparisons of the rocks of the county with surrounding terranes led to 
their separation into two series, one of which is probably of the age of the Taconic, and 
the other of the Archean, the latter representing probably both Keewatin and Coutch- 
iching. At what point these can be geographically separated, it cannot be shown, 
because of the abundant drift. It can only be said that the outcrops extending from 
Cloquet to Carlton and Thoinson, and thence southwestward to the vicinity of Otter 
Creek station are believed to be a part of the Animikie, and that the slates and 
schists that occur at Barnum and Moose Lake, and westward from Mahtowa, as well 

* These slates were examined in 1877, by E. T. Sweet. His report thereon is published in Geol. of Wis., vol. iii, p. 334, 1880. 
t Trans. Roy. Soc. Canada, vol. i, sec. iv, p. 250. 


t Twentieth Annual Report, p. 2%. 
§Amer. Jour. of Sct. (8), xlvili, p. L. 
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as the outcrops in the valley of the Kettle niver, and westward and southwest ward 
into Pine county, are considered much older. | 

It has to be admitted, further, that, so far as observed, there is nothing in the 
general lithology of the Thomson slates, 7. ¢., in their average composition, their 
structure, dip, strike or metamorphic condition, which 1s diagnostic of the Animikie 
from the Upper Keewatin, as that part of the Keewatin appears about Tower, and 
that there is no demonstration of their Animikie age. The Thomson slatesare isolated, 
but are surrounded, at distant points, by known outcrops whose geological age is 
reasonably well known. The best that can be done is to assign them to that age for . 
which there isa preponderance of evidence. It is that preponderance which leads to 
the result above expressed. : 

Toward the west and southwest is an area of crystalline rock, with gneiss and 
granite. The schists on the Kettle river, and throughout the western part of the 
county, evidently are a part of the same general crystalline area. On the Kettle 
river they are micaschists. They are mica schists at one or two outcrops between the 
Kettle riverand the Moose river at Barnum. In general, however, along the railroad 
at Barnum and Moose lake, they are less micaceous and resemble some of the gray- 
wackes and slates of the Upper Keewatin. However, westward from Mahtowa these 
rocks are decidedly hke the Lower Keewatin, being greenish and highly chlonitic, 
with irregularities that have an agglomeratic appearance, recalling the structures 
seen eastward from Tower and at Ely. These rocks, which have an older aspect, a 
more altered texture and have been subjected to dynamic action comparable to that 
of the Keewatin, are referable to the Archean. They may be grouped with the slates 
mentioned by Mr. Spurr as the most northern exposure of the rocks of the region,* 
seen in sec, 27, T. 51-19, and in general with the Keewatin and Coutchiching. 

The outcrops, however, about Carlton, while not differing much from those at 
Moose lake and Barnum, nor very strikingly from those mentioned in sec. 27, T.51-19, 
yet are believed to belong to the Animikie, for the following reasons: 

1. They appear more recent, their bedded stratification is more perfect and 
continuous, accompanied by ripple and other water marks, and their structure is 4 
distinct slatiness, without loss of sedimentary structure, instead of a schistosity in 
which a micaceous element is prevalent and in which the sedimentary banding 1s 
nearly or quite lost. Their dip is very observable and prevailingly toward the south. 

2. They form the rim of the lake Superior basin, and lie in the line of strike of 
the Animikie and gabbro (of the Cabotian eruptives) which are associated, so far as 
known, all the way from Pigeon point to Duluth, thus serving to continue the known 
topographic and geognostic features of the Animikie. 


*Spurr’s report in the 7wently-second Annual Report of the survey, p. 121, for 183. 
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3. They rise and fall in a senes of southward dipping, mono-clinal, short 
ridges in a manner entirely comparable to those of the Animikie along the inter- 
national boundary. | 

4, The Animikie is represented by the northward dipping rocks of the Penokee 
range, on the south side of the lake in Wisconsin, and in accordance with the well 
known early synclinal structure of the lake Superior basin there must have been a 
point where at the western end of the basin these strata passed round from north to 
south. It is an important and conspicuous formation, constituting on both sides 
of the basin the most marked elements in the topography, and it is not likely that 
they would be wholly concealed at the western extremity of the basin, and especially 
so when the rock is laid bare, as it is, by a large river (the St. Louis) across the rim 
of the basin at the point where they would naturally be expected to exist. | 

). Likethe Animikie at Thunder bay and at Pigeon point, they exhibit a peculiar 
calcareous feature, namely, limy lumps (No. 1607), which, originally gray and hardly 
distinguishable from the body of the rock when fresh, when weathered become very 
conspicuous. They turn dark, sometimes almost black, and spot the weathered 
surface. These spots weather away faster, and thus the surface is pitted with 
depressions. It isin these lumps that Dr. Hunt reported the existence of traces of a 
‘‘keratose sponge.” They are more fully described below. Such ealcareous lumps 
are not known in the slates below the base of the Animikie. They evidently contain 
a considerable amount of carbonate of iron and are comparable to the calcareo- 
ferruginous irregular strata that have been described in the Animikie at Gunflint 
lake, where they are near the bottom of the formation, and by Mr. Spurr* at the 
west end of the Mesabi range, near Virginia. They are not always distributed 
at random as isolated spots or lumps, but they are governed somewhat by the strat- 
ification, and in rare instances they coalesce so as to constitute a more or less con- 
formable stratum, and in one instance, at Carlton, they dwindled into a narrow 
streak, which ran for about thirty feet as a stratum in the banding of the sedimentary 
structure before it disappeared entirely. This similarity is perhaps the strongest 
bond uniting the Thomson slates with the Animikie. 

The dip of the Thomson slate. In the reports that have been published the fol- 
lowing readings of the dip of these rocks have been stated. To these observations 
are added those made in 1898 and 1894: 


NintH REPort— 


Page 12. General incline of the heavy beds, lowest falls, S. E. 63°. 

Page 13. At the large rock island, east of Island No. 5; dip of the formation 27° S. E. 

Page 13. Just above Island No. 6 slate dips S. 30° to S. S. E. 48°; crossed by a perpendicular cleavage. 

Pages 14 and 15. Head of the island on S. E. 4 sec. 9, T. 48-16. Here is an interesting irregularity. 
Appears horizontal, bends downward and even dips slightly north toward the river, then suddenly deflected 


——— 


* Bulletin x, pp. 9-10. 
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upward, but returns to horizontality, again dipping into the river. This is probably a folding, though the general 
dip continues south. (A similar folding is observable in the railroad cut west from this place.) 

Page 15. Near the centre of sec. 8, T. 48-16, at fall of twenty-two feet, 3314° S. S. W., swinging round to 
south-southeast, then being in a dip 39° to 43°. 

Page 16. Slate hills in secs. 9 to 4, T. 48-16, dip 4613° to 60° S. 

Page 16. In the gorge under the railroad bridge, Thomson, 461¢° S. 

Page 18. Carlton, S. W. 14 sec. 6, T. 48-16; average dip 57° S., 5° E. 

Page 20. Cloquet, 75° to 80° S. 

Page 20. Much confusion and jointage, but after careful study the dip at Cloquet is made out satisfac. 
torily to the south. 

Page 21. On island first above Knife falls; dip N. 25° (?), forming an angle with slaty cleavage which 
dips S. 85°. 

Page 22. Same island (correction of the last) 48° S., 3° E. 

Page 22. Knife Falls, 48° S. 

Page 25. Below Knife Falls, S. 60°. 

Page 25. At Fortress island dip either coincides with the slaty cleavage (about vertical), or is 45° 8. E. 

Page 27. Cut on the Knife Falls railroad; sedimentary bedding is not discerned, perhaps vertical, coin- 
ciding with the cleavage. 

Page 27. Near the drift bluffs on Knife Falls railroad N. 45°, and 80° N. 

Page 27. Heavy bedding, dips south about 45°, 

Page 28. About two and a half miles north from Carlton, quartzyte, with pebbles of slate, dips at high 
angles south, crossed by a coarse slatiness at about the same angle north. 

Page 20. Along the east side of the Big island, near Thomson, river runs against the strike, the dip 
being 45° N. ; 


TWENTIETH REPORT — 


Page 29. Dietz & Dugan’s slate quarry to Cloquet. Dips in opposite directions, showing several great 
anticlinals, the inclination being frequently 75° to 90°, and rarely less than 50°. 


NoTes oF 1893-— 


Near the ee depot, varies from a vertical to 78° about north. 
S. E.1448. EB. 14 sec. 9, T. 48-17, near the section line, 8. 5° to 10°, 60° W.; two miles north of Otter creek 
station (crossing of Otter firoeley: rock cut here shows dip 20° N., faulted much. 


Norrs or 1894— 


In the most easterly of the cuts on the railroad, southeast from Carlton, the strata show a conspicuous 
folding. The general dip of the whole is about 45° N. 10° W., varying to nearly vertical. The whole sweep of 
one anticlinal fold can be seen in the face of the cut. There are also synclinals (plate XX, figure 1). 

Next cut toward the west, dip, 75° to 85° N. 

Third and last cut, toward the west, dip, S. 45°. 

At Knife falls. The whole rock formation here dips south about 45°, although toward the west of the falls 
on the south shore, there is an area in which the dip is northeast. The prevailing dip all about a is 
southerly, varying to south-southeast. 


It appears, therefore, that there is a prevalent southerly dip at an angle that 
would average, probably, above 45°. At the same time it is plain that several folds 
exist, of which two important localities have been observed. There are several anti- 
clinal folds visible at the slate quarry of Dietz and Dugan, extending from there to 
Cloquet. Another axis of a fold, pitching eastwardly, runs from the riverat the head 
of the island on S. E. {sec. 9, T. 48-16, westward to the point at which it crosses the 
railroad, where it is quite distinctly brought out in the cuts made for the railroad 
grade (plate XX, figure 1). 

The calcareous nodules. These calcareous patches are one of the most singular 
and characteristic features of this rock. ‘They cause dark spots and depressions on 
the weathered surfaces, sometimes eighteen by thirty-six inches in size, and they are 
found in the fine-grained and coarse-grained portions of the rock. They seem to be 
sporadically distributed, but it has been noticed that rarely they have a relation 
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to the sedimentary banding. That is to say, over a large exposure on the Thomson 
slates they are more frequent in some layers than in others. Indeed, at one point 
withm the limits of Carlton, north of the railroad, it was noted that they were so 
frequent in a narrow belt that they began to coalesce, and, while they also became 
smaller, they formed a continuous thin layer which extended visibly about thirty- 
three feet and pinched out. This rather indicates that they are a dependency of the 
sedimentation. These masses are in size from an inch or less to three feet long, of 
rounded outlines. | 

Several thin sections have been made in different directions through the struc- 
ture (especially of rocks Nos. 1607, 1609 and 1611), but they show no organic forms 
or structures, so far as can be seen from the sections made. They consist essentially 
of calcite, which is usually compact-granular, sprinkled with more or less angular 
grains of quartz similar to the quartz grains in the graywackes and slates in which — 
the lumps lie. But occasionally the calcite isin larger crystalline masses which have 
a roughly radial structure, having a black cross between crossed nicols. The rays are 
not single and thread-like, but rather spreading and plumose; and across them run 
the coarse calcite cleavages. These cleavages themselves are not straight, but are 
curved in such a manner that if they were continued long enough they would form 
circles about the common centre of the group. 

A caleareous mass was found in the Animikie slates at the lake shore on the. 
south side of the tongue that divides Pigeon bay into north and south arms (No. 
1846). As it is in the form of septaria, more or less elongated in the direction of the 
sedimentary structure and presented some forms which might be organic, some 
fragments were submitted to Prof. G. F. Matthew, of St. John, New Brunswick, for 
examination, but in his judgment the structure is not organic, but probably due to 
an encroachment of a calcitic crystalline development between layers or filaments 
of detrital matter, resulting in a grouping that resembles that of cone-in-cone. 
Although it is composed of curiously disposed low conical bodies which together 
constitute a thin calcareous layer or several layers in the slates, they are probably 
wholly of mineral origin, caused by the accumulation of lime between the slates. 
Dr. A. C. Lawson collected similar pseudo-organic bodies from the Animikie in his 
work for the survey in 1891,and they were examined by Dr. Karl von Zittel at 
Washington,* in thin section, but were pronounced non-organic. These calcareous 
masses have in common one feature, viz., they take on a dark, rusty coating as they 
decay. They have not been seen associated with pyrite, and it is to be supposed 
therefore that the salt consists in part of carbonate of iron. Therefore they may be 
compared with the rusty carbonate of lime that is so freqently seen near the bottom. 


*On the occasion of the Washington meeting of the international congress of geologists. 
37 
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of the Anmikie (?)in the region of Gunflint lake, where it constitutes quite a noticeable 
stratum, and contains numerous angular masses of flint and serves as a matrix fora 
loose breccia, being apparently a portion of the sedimentary beds of the Animikie. 

Although, at Carlton, it embraces many fine angular grains of quartz, in some 
instances, when it is weathered away, there is outstanding a siliceous meshwork, as if 
it were penetrated by many minute veins that resist the action of the weather more | 
successfully. It is perhaps this network of siliceous matter that suggested the idea of 
a fossil sponge. But, so far as the writer has been able to make out, this reticulated 
network exhibits no other sign of organic origin, and that alone is not sufficiently 
diagnostic of an organic origin. 

As to the origin and date of these calcareous lenses seen so abundantly in some 
parts of the slates at Carlton, there is some uncertainty. Whether they are remnants 
of originally much more extensive calcareous masses, or are the result of growth 
by concretionary forces since the deposition of the clastic strata, is an interesting 
inquiry. It 1s probable that they do not retain the forms they once had, and that is 
the more evident if they be proven to be of clastic origin coeval with the rock 
enclosing them; for it is difficult or impossible to conceive by what manner of sedi- 
mentation such isolated, yet generally oval or rounded, bodies of limestone could be 
deposited in the midst of cotemporary sediments of grit or graywacke or of argillaceous 
slate. They manifest but little or nothing that can be called a concentric or con- 
cretionary structure, such as limy septaria are apt to exhibit. They are nearly, but 
not quite, independent of the sedimentation. They are sometimes somewhat gov- 
erned in their distribution by the kind and direction of the sedimentary banding. 
and in some instances, even at Carlton, they coalesce and form thin strata conform- 
able in the sedimentary beds. This dependence on the direction of the sedimentary 
bedding may be due to the action of original deposition, or to the accidental for- 
mation of beds in which these growths could later develop in a continuous sheet. 
These features show that sedimentation played an important part in the grouping of 
the calcareous matter if not in their origin, whether cotemporary or subsequent 
to the accumulation of the fragmental matter, and that, if cotemporary, they have 
changed their shapes. There are othei features that indicate that the calcareous 
matter, at least in the isolated globular bodies, is of later date than the siliceous 
grains that make up the mass of the surrounding rock, viz.: (1) The limy substance 
is crystalline, sometimes in so coarse a grain as to constitute thin sheets of calcite, 
though usually only as a granular crystalline mass, (2) In the latter case the crys 
talline calcite is quite frequently interspersed with clastic grains of quartz. These 
clastic grains of quartz are sufticient to preclude, apparently, an organic origin 
for the masses, but not sufficiently numerous to allow of the supposition that they 
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ever constituted the bulk and framework of the stratum. It is hence necessary to 
suppose that for some cause a copious deposit of lime has taken place so as to occupy 
the full dimension of the mass. In the region of Gunflint lake, pieces of flint of large 
size are embraced in a crystalline calcareous stratum. 

For the present, therefore, the origin and nature of these problematic limy 
masses, as well as of the pure limestone strata of the Animikie at Gunflint lake, will 
have to remain unsettled. Mr. Jules Marcon has suggested to the writer their 
resemblance to the limestone “lentilles” of the Taconic slates of Vermont, and it 
appears a very reasonable suggestion. It has not yet, however, been possible to 
affirm that these masses are fossiliferous. Jt may be that under other circum- 
stances and in other places they would be found to increase so as to constitute 
important limestone masses, comparable to those seen on the north side of Gunflint 
lake, and to the lenticular masses of Vermont. 

The effect of dynamic action on the Thomson slates. The Thomson slates are in 
no sense a crystalline rock. They are very plainly of clastic origin, retaining sedi- 
mentary banding and bedding of the most pronounced characters, including ripple 
marks. They have been folded, faulted and compressed, and at a later date they have 
been invaded by numerous basic dikes whose width varies from a few inches to over 
one hundred feet.* These dikes have not been traced into actual connection with 
the great gabbro mass that occurs in the near vicinity, and there is reason to believe 
that they cannot be united to that rock in date and source, the principal of which is 
that dikes running parallel to these also cut the gabbro, introduced after the cooling 
of the gabbro. That these dikes were introduced at a date considerably later than 
the folding and faulting and the production of the slaty cleavage is evident from 
several considerations, viz.: The dikes show a freshness and freedom from dynamic 
action incompatible with the idea of their having suffered folding and faulting, 7.¢., 
they are straight regardless of the folding of the slates, they are without schistosity, 
microscopically they do not show the effects of pressure and internal compression, 
and their direction is uniformly nearly north and south, transverse to the direction 
of the folding and faulting of the slates. 

While it is impossible, perhaps, to demonstrate the exact date of the dynamic 
pressure which folded these slates, it is reasonable to attribute it, in part at least, to 
the event of the gabbro disturbance. If the slates be of the Animikie age, as sup- 
posed, and the dikes (which are supposed to be in part of the date of the Manitou) 
be excluded from that agency, there is no other known agent which can be invoked 
to explain and to cause this dynamic effect but the epoch of the Cabotian, 7. ¢., the 


* The widest dike measured is that which erosses the St. Louis but a short distance below Knife falls. It is also seen west 
of the river where the Duluth and Winnipeg railroad crosses it. By pacing at this place its width was found to be from 280 to 800 
feet, having a general north and south course. 
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gabbro intrusion. The general trend of the gabbro mass from this place to Pigeon 
point, is about parallel with the direction of the axes of the folding of these slates, 
and nearly perpendicular to the direction of the dikes. 

There was also some interval of time between the tilting of these slates and the 
production of the slaty cleavage. It is true that very frequently the direction of the 
cleavage is parallel with the bedding, 7. e., about east and west, although the plane of the 
cleavage is nearly vertical, while that of the bedding is but rarely so. Were there 
no exceptions to this it might be inferred that these effects were the simultaneous 
results of the same cause, but there are occasionally considerable areas where the 
cleavage, running in the same direction, crosses the strike of the tilted sedimentary 
structure at a considerable angle. It is evident from this that the force that caused 
the tilting was a variable one as to direction, and operated ata date earlier than that 
which caused the slaty cleavage. The slaty cleavage keeps its east and west course 
whatever the direction or amount of dip. 

Special structures in the slates. The effect of pressure on the slates is well seen 
in many places, but at Cloquet a peculiar structure is developed, not noted elsewhere, 
which seems to throw light on a structure often seen in the gneiss of the Archean. 

The form of outcrop of the slates at Cloquet is a series of ridges which run 
sometimes ten or even twenty rods, but more frequently. less than ten, in a direction 
nearly east and west, with roof-like slopes on the north and south sides, as illustrated 
by the cut below. The slopes are at an angle that would average about 45°, so that 
the ridges are generally sharper than a right angle. Toward the south the slope is 
coincident with and caused by the sedimentary structure, which is conspicuous In 
nearly all places, and but little disturbed by cleavage or by faulting. In the other 


slope (north) the plane of the roof is caused by a series of joints, along which there 
seems to have been an easy faulting, the direction of which plane is not, however, 
coincident with that of the multiple faults to be described later. The sedimentary 
structure, which can be seen running on the northern sides of these ridges, is very 
evident in the varying grain and in all the color-banding which indicates the sedi- 
mentary origin. Sometimes, for several rods, a line of holes, made by the weather- 
ing out of small calcareous lumps, such as have already been described in this rock, 
can be seen on the north side, making a calcareous stratum which has had its lime 
gathered into isolated patches. Such little holes are sometimes (especially when they 
continue far in this manner) mere gashes about two or three inches long and opening 


GEOL. Nat. Hist. Sur. MINN. PviaTe YY. 


Te) 


> we 
ah 


_ . 


Fic. 1. Virw or CRUSHED SEDIMENTARY ROCK, LOOKING ON A JOINT PLANE WHICH CUTS THE ROCK 


NEARLY PARALLEL TO THE BEDDING. (p. 559.) 


Fic. 2. Errecr OF SHEARING PRESSURE ON THE THOMSON SLATES, CLOQUET;, VIEW OF JOINT SURFACE 


CUTTING THE ROCK NEARLY PERPENDICULAR TO THE BEDDING. (p. 559.) 


righiaed'by Google 


| 


THE CARLTON PLATE. 559 
Special structures in the slates. } : 


about a quarter or a half inch, standing vertically in the original stratum; and some- 
times they are larger openings, more nearly globular, which rudely maintain a 
parallelism with the sedimentary banding. Other features of this sedimentary 
structure might be mentioned, viz., the gray slates vary to a fine graywacke, yet of so 
coarse a grain that the rock is not slate; indeed, in the coarser beds the slaty cleav- 
age is imperfect or wanting, or the cleavage planes are farther apart. This differ- 
ence in the grain is probably the prime cause (on the application of pressure) of the 
peculiar structure which is here to be described. 

The slaty cleavage is about vertical, running about east and west; as the ridges 
themselves vary a little to the northeast, the cleavage direction crosses the ridges at 
a sharp angle, and hence also crosses the sedimentary structure at a similar angle. 
There are also various jointage systems in which cannot be seen any general unt- 
formity of direction, although one which seems to prevail more widely than the rest 
runs south-southeast, crossing the cleavages about as the cleavage cuts the sedi- 
mentary structure, but it slopes toward the north-northeast at an angle of less than 
45° from the horizon. Another jointage system is about horizontal and facilitates 
the removal of the tops of the ridges, producing tabular surfaces. This, however, is 
not common. Another system is about parallel with the sedimentary structure and 
causes the southerly roof-slopes. Other joints run in other directions, and in one 
instance was seen a series of joints radiating from a centre, which centre was in the 
open plane of a larger jointage system. The joints are apparently all of later date 
than the cleavage and cut it in all directions without producing any apparent effect 
upon it. They likewise have had no agency in producing the problematic structure 
illustrated below. Itis also quite evident that this structure, and the cleavage, which 
are inseparable, were produced in the rock later than the tilting which brought the 
beds to their present position. 

That which first attracted attention was a structure seen on the southerly slopes 
of several of these ridges, of which subsequently a photograph was made, which is 
reproduced in plate YY, figures 1 and 2. This resembles a sedimentary structure so 
greatly, in some of its phases, that it gave at first the impression that there was 
locally a change in the direction of dip from that which everywhere prevails. 
What is more strange still was the existence, on the north sides of the same ridges, 
though not in perfection, of the evident true sedimentary banding running in the 
usual direction, showing that there was actually no bodily disturbance of the rock as 
a whole other than that which could be seen in the other ridges. Figure 1, seen in 
plate YY was taken from the south, and shows the southern slopes of these ridges. 
Figure 2 of the same plate was taken from the north. It was only after long and 
minute inspection of these ridges, which really show variations in the degree of 
development of this pseudo-stratification, that its cause was discovered, 
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A series of drawings (plate ZZ) made on the spot from nature will illustrate the aspect of the southerly 
slopes of several of these ridges, beginning with the least and ending with the most peculiar.* 


Figure 1 shows a normally cleaved southern side of one of the slaty ridges, the cleavage being nearly 
vertical but crossing the ridge at a sharp angle so as to appear on the southerly slope. 


Figure 2, showing on the southern slope spots of non-cleaved rock, somewhat irregularly disposed amongst 
the tine-cleaved slate. On inspection these non-cleaved spots are seen to be of the same grain as the graywacke, 
and coarser than the slates proper. They are rudely elliptical, elongated in the same direction and conformable 
in general with the direction of the slaty cleavage. 


Figure 3, showing the southern slope of one of these ridges wholly taken up with these non-cleaved areas 
in lenticular forms, separated only by small quantities of the finer-cleaved or crushed rock, which are arranged 
in conformable films surrounding the non-cleaved areas. 


Figure 4, showing on the southern slope a somewhat regular arrangement of the non-cleared spots. [These 
are here represented rather too systematic and too far separated.] 


Figure 5, showing a loss, or nearly so, of the horizontal component of arrangement, and an augmentation 
of the vertical, producing a vertical banding more or less perfect, the tine material being abundant. 


Figure 6, showing entire loss of the horizontal component and an increased distinctness of the vertical, 
and at the same time a diminution of the finer material, making a persistent vertical banding that simulates 
sedimentation. 


There are various intermediate stages, but the above are the principal phases. They are all visible and 
can be connected by actual observation of the intervening steps. There are also many little irregularities. 


As has been stated, these features are closely connected with the slaty cleavage, 
and indeed are apparently only a special development of it. It has been stated that 
slaty cleavage is the result of a repeated succession of minute faults which pervade 
the whole mass of the rock affected. Such a principle is demonstrable here by 
observation. Itis also demonstrable that this faulting is not so easily effected in 
the coarser layers of the fragmental rock, but that when the coarse rock is faulted 
it is at larger intervals, producing blocks rather than slates. 

On the northward slopes of these ridges where this pseudo-stratification is pro- 
duced, are various interruptions and irregularities in the color bands marking the 
sedimentation. Sometimes the banding is curled and sometimes it is faulted 
extensively, although the former continuity is still exhibited by the aggregate con- 
tinuance of the banding across the whole face. One such irregularity was sketched 
from nature, as shown by figure 7, plate ZZ. | 

Here can be seen a squeezed-out segment of a coarser-grained layer (b) into a 
finer-grained layer (a). The layers (a, a, a) are of fine material and slaty; band bare 
coarser and evidently more siliceous. It is a representation of actual fact, seen in 
one place. , 

The fact illustrated by figure 7 is the key to the whole structure. A portion of 
one of the coarse beds (b) is removed from its position and thrust bodily amongst the 
fine-grained layers (a), but it nowhere has the slaty structure of (a). It is plain that 
to get the space formerly occupied by it closed, the parts of the layer (b), from which 
the mass (c) was removed, must have been brought bodily toward each other. This 
motion indicates a compression in the direction of the strike, or somewhat obliquely 


*Fortunately these ridges have been burned over in the process of clearing off the forest, and changed by the weather so 
that the varying grain is evident and can be traced in its thread-like foldings by the fine reticulations which it produced on the 
surface. 
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to it, of the entire rock mass, and would compress necessarily the layers (a, a, a). 
The difference in the grain of these layers was probably the chief cause of the differ- 
ence in the manner in which the layers accommodated themselves to this pressure, 
1. e., the fine layers fractured minutely and numerously, producing a slaty cleavage, 
and the coarse layers fractured loosely into large blocks, producing a coarse schis- 
tosity. It is only necessary to multiply this coarse faulting to produce the structures 
seen in the foregoing figures. Then, later, when, by jointing and weathering, this 
structure is cut and exposed to the atmosphere, an apparent gneissic structure is 
brought to view, similar to that which is seen in some Archean gneisses, which some- 
times has been reported as sedimentary. It is evident that in such a structure, 
produced by this process, whether in the clastic or the crystalline strata, there has 
been an entire crushing and rearrangement of the elements of the bedding of the rock. 
The structures evident in figures 2, 4 and 5, above, and that in figure 1, of the half-tone 
plate YY, are exposed by a jointage that cuts the rock nearly parallel with the orig- 
inal sedimentary bedding, the protruded portions of the coarse layer, as they lie 
somewhat systematically in the adjoining finer layer, being favorably sectioned by a 
joint plane. Structures such as those seen in figures 3 and 6, and figure 2 of the 
half-tone plate, may be exposed by a plane cutting the bedding planes perpendicularly 
or obliquely, and they prove that the coarser strata of the formation are entirely 
brecciated by a lateral thrust, the analogue of the minute cleavage-fractures of the 
fine, slaty strata. Indeed, the photograph reproduced in figure 2 of plate YY isa 
view looking nearly south against the strike of the sedimentary structure, and two 
layers of fine argillitic rock extend across its face from right to left. It is roughly 
redrawn in figure 8 (plate ZZ) for further description. 

Bands of argillitic grain and composition, not well brought out in the photo- 
graph, two in number, are represented in this drawing, the upper one being two inches 
and the lower four inches in width. Nearly parallel with the latter a joint plane 
cuts the rock through this argillyte. If the joint could be opened it would probably 
exhibit a structure like that seen in figure 4 or in figure 5, showing portions of the 
coarser rock thrust amongst the finer. It is also plain from this figure, and especially 
from the photograph which it represents, that the whole rock is in a crushed con- 
dition, and that the jointage planes cutting it in any direction would reveal the same 
structure in the coarser beds. The material that surrounds the uncrushed pieces of 
the coarser layers is the debris that resulted from the crushing, arranged in a 
coarsely schistose manner about the uncrushed pieces. 

It may be remarked, as a corollary, that after a sedimentary rock shall have 
been thus crushed, if it should be subjected to regional metamorphism it would 
show a structure similar to that seen in some gneisses, but that the direction of the 
gneissic structure would not be that of the original sedimentary bedding. 
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As a second corollary it may be noted that, had this rock ever contained fossils, 
they would be badly broken, if not obliterated, by this crushing. 

This coarse brecciation is seen only. in the coarser strata. It is evident, however, 
that equal compression and disturbance must have affected the finer strata. This is 
apparent, but it is in the form of minute faults, producing or at least accompanying 
the slaty cleavage. Figure 1, of plate XX, represents a folded condition of this for- 
mation as exposed by the railroad cut about two miles southeast from Carlton. Here 
various interesting features are to be seen. The photo shows, in the main, one 
anticlinal fold, but there are also some synclinals, less exposed. The same structures 
seen at Cloquet, above illustrated, are but faintly exhibited here. There are limy 
concretions or balls scattered rather promiscuously about, but at the east end of the 
cut they prevail exclusively in one of the siliceous sedimentary beds, being in lumps 
on the upper side. Besides the conspicuous general folding of the sedimentary 
layers, the next most noticeable feature is a coarse lenticular-slaty cleavage which 
pervades all the rock except some narrow siliceous (flinty), nearly black layers, 
which seem to have been proof against the production of this structure. This gives 
the rock a fiber rather than a cleavage. It runs about east and west, as at Cloquet, 
but it never appears as a good slatiness. 

There is another fine lining, which also occurs at Cloquet, and at some of the 
slate quarries southward from Cloquet. This fine lining has been seen to spread 
over the whole surface of some of the slates taken out for roofing, and on some of 
the weathered, yet smooth, knobs, it might be mistaken for a fine sedimentation, 
but it transgresses the actual sedimentation at all angles. It is usually somewhat 
curving and even tortuous, and becomes most visible on the opening of the cleavage 
partings. Sometimes one set of these markings abut non-conformably against 
another, ceasing entirely. The line or’ plane of juncture of the two systems 1s 
characterized by a little sharp elevation, giving the suggestion that perhaps one set 
runs below the other, nearly parallel with the cleavage planes. On close inspection, 
however, this lining is seen to be due to a system of fine ridges and depressions, the 
direction of which, continued through the rock as a succession of waves, lies at an 
angle of nearly 90°, or nearly perpendicular to the principal slaty cleavage. It is uot 
a feature, therefore, dependent on the cleavage. A fresh piece of the rock, taken 
from the railroad cut (No. 1979), exhibits this fine striation, both on the planes of 
the slaty cleavage and on their edges. It is coarser in the coarser slates, and in the 
very fine (nearly black) strata of the slates it is perceptible sometimes only by the 
use of a magnifier. In all cases it is plain to see that it is an internal undulatory 
structure, which, on being exposed by the cleavage of the slates, appears as alternating 
ridges and depressions. These are brought out more distinctly by putting the 
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specimen in position favorable for different angles of reflection of the light. It is 
another evidence of the compression and molecular disturbance to which these strata 
have been subjected. 

It was observed, in several cases, on the surface of a roofing slate from Dietz 
and Dougan’s quarry, about three miles south of Cloquet, that this striation radiated 
from central spots not thus marked or differently marked. This is represented by the 
figure below (figure 107), sketched from nature. The central spot was nearly two 
inches across. A ring (a) of much lighter color forms the outside of the spot. It is 
without the striations, and all the radiating striz cease at its outer bound. Within 
this ring are no visible radiations, but instead an indistinct circular banding (c, c) of 
somewhat lighter and darker bands, but in the main, within the larger, outer ring, 
the material was fine and black and almost homogeneous as to kind and color. A 
little at the left of the centre appeared a small elevation (d) in the slaty substance, 
as if the nucleus of the concretion (?) had been the locus of a knotty and hardened 
growth. This was black and about the size of a small pin-head. From the large 
band of color (a) the striated structure spreads so as to embrace and cover the whole 
cleavage surface of the slate uniformly in all directions. _ This is also found on all of the 
slates, though it is always much varied in direction, making sometimes rather hand- 
some frond-like forms. It appears from this that compression alone is not sufficient 
for the production of these stria. It is probable that, given sufficient pressure, the 
direction of the undulatory minute faultings would be determined by the varying 
obstructions that might pre-exist in the rock, such as varying sedimentation and 
irregularities in the composition of the rock. It is a structure, however, which 
requires further study before it can be said to be understood. 


FIG. 107. RADIATED STRIATIONS ON THE SURFACE OF A SHEET OF ROOFING SLATE. 


Again, on the edges of the lenticular slaty slabs produced by the crushing of 
some of the coarser strata of the formation in a manner simular to that already 
described at Cloquet, but seen, in this instance, at the railroad cuts southeastward 
from Carlton, is a series of coarser undulations (Nos. 1978, 1979). These are likewise 
nearly perpendicular to the slaty cleavage, but the distance between the crests of 
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two of the undulations is in some instances an inch, or even three inches, a space 
sufficient to embrace from twenty-five to forty of the undulations already described. 
These troughs, which have a sort of synclinal and anticlinal alternation, have a pitch 
toward the east about parallel with that of the grand folding shown in the plate 
(figure 1). It seems from this, also, that a series of zigzag minute crushings and 
faultings, intermediate in size between the fine striations and the coarse brecciation 
of the graywackes, took place throughout the mass of some of the strata. It is prob- 
able that these structures, from the coarsest to the finest, are due to the same cause. 
They are not coincident with the cleavage but cross it, usually at a large angle. 
They probably indicate different directions of intense pressure and a varying degree 
of force. 

At the second railroad cut (toward the west), the walls rise about thirty feet in 
extreme, and the dip is about 75° to S5° N. This cut is near the east end of an 
extended rock ndge. 

At the third cut, about one-fourth mile further west, the rock dips south at 45° 
Here a dike forty-six feet wide runs N. 30° E., probably one of those that pass 
through the rock at the village of Thomson. 

At the next cut, and also at the last, the rock dips toward the south. The rock 
at the former consists of a greenish dense graywacke, of massive aspect, rising in 
a prominent east-and-west ridge, having at the top a coarse jointage that causes the 
‘ridge at a distance to resemble gabbro. A dike six feet in width cuts it in the usual 
direction. 

According to Mr. H. B. Ayres, the most easterly points at which this formation 
is visible about Carlton are the following: Sec. 6, T. 49-15; east line of sec. 18, T. 
49-15; sec. 29, T. 49-15; and the nearest point at which gabbro is known to approach 
this formation is N. W. corner sec. 33, T. 49-15, the surface distance between them 
being less than a mile. 

Conglomeratic aspects of the Thomson slates. The question of the age of the 
Thomson slates has already been considered. If they are of the age of the Animikie, 
they must lie non-conformably on some older formation, which is presumed to be the 
Keewatin. There are some evidences of this in the pebbles that occur in the Thom- 
son slates in the vicinity of Otter Creek station. These pebbles are black, avd 
purplish, cherty and quite hard, and some are of an older graywacke. Some of the 
rounded, coarser slate pieces, or graywacke, are five by eight inches. Some of the 
irregular, hard, black, cherty masses are two feet long, and others seem to have come 
from an earlier conglomerate. 

These facts are in perfect accord with the Animikie age of this rock, but cal 
hardly be explained on the hypothesis that the rock is earlier than the Animilie. 
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The only other older conglomerate known is that at the base of the Upper Keewatin, but 
it has never been known to contain pieces of still older conglomerate. Itis made up 
of crystalline debris. | 

| A curious boulder. At Cloquet may be seen a curious, sharp knob of red-and- 
white amygdaloid, situated between the “ Nelson House” and the river, nearer 
the river, and somewhat to the east of a line running north from that hotel. At 
first glance this rock appears to be 7m situ, as it has a structure and a dip parallel 
with the dip of the slates and graywackes. It is about twelve feet long, and was 
ten feet high above the rest of the rock of the place, but it has been broken by 
some quarrying. It isan attractive and handsome object. It ts spotted with red, 
white and green, mainly in amygdaloidal forms—probably calcite, orthoclase and 
epidote—but the red sometimes constitutes a granular rock, and its spots are from 
the size of peas to areas two to four inches long, of irregular width, but usually not 
more than half an inch thick. These may have been inclusions in the basic trap 
from contact with some sedimentary. In case of becoming an amygdaloid such a 
trap would be likely to have its gas-cavities variously affected by and associated 
with such inclusions. All in all, though this is probably a Cabotian boulder, it is a 


remarkable exhibition. 
ROCK SAMPLES. 


The following rock samples were collected within the area of this plate: 


By N. H. Winchell: 449-510; 1607-1614: 1974-1979. 
By U.S. Grant: 1017G-1019G. 
By A. H. Elftman: 2646-265E. 


CHAPTHR XXXII. 


THE GEOLOGY OF THE DULUTH PLATE. 


(PLATE 88.) 
By N. H. WINCHELL. 


The most important, as well as the most conspicuous, element in the geology of 
the vicinity of Duluth, is the gabbro which forms the hill-range that outlines the 
basin of lake Superior at that point.* This range of hills forms an elevation which 
is very noticeable from the east as the traveler approaches the west end of the lake, 
and it can be seen to extend far beyond the present limits of the lake. To this lill 
range, essentially that formed by the gabbro, Mr. Schoolcraft apphed the name 
“Cabotian mountains,” a title which, according to his statement, was first given by 
Bouchette, “being a continuation of the upheavals of the north shore of lake 
Superior.” | 

Within the limits of the Duluth plate the lakeward side of this hill range descends 
abruptly to the level of lake Superior about 600 feet, the whole change being effected 
generally within the interval of less than a mile. Eastward from Duluth, however. 
the change from the high land to the lake level is much more gradual as the gabbro 
strikes away from the lake shore. The most western point at which this rock has 
been observed in place is at the northeast corner of sec. 32, T. 49-15, which is about 
a mile north of Short Line Park station on the St. Paul and Duluth railroad. Here 


* Published descriptions of some portions of this area may be found as follows: 

J. H. Kuoos. Geological notes in Minnesota: Zeitschrift d. deutschen Geolugischen Gesellschaft, p. 417, 1801. Translated 
and republished in the 7eath Annual Report of the Minnesota geological survey. 

A. StTreNG and J. H. Kiuoos. The crystalline rocks of Minnesota: Neues Jahrbuch fir Mineralogie (1877). Translated and 
republished in the Kleventh Annual Report of the Minnesota survey (for 1882). 

Geognostic and geographic observations in the state of Minnesota: Zeitschrift der Gesellschaft fir Erdkunde zu Berlin, 
Bd. xii, 1877. Translated in the Vineleenth Annual Report of the Minnesota Survey (for 1820). 

N.H. WincHetL. The Cupriferous series at Duluth: Kighth Report of the Minnesota Survey, pp. 2-2. Preliminary list 
of rocks: Ninth Report of the Minnesota Survey (for 188). The eupriferous series in Minnesota: Proe. Am. Asse. Adv. Sei, 
184%). Preliminary list of rocks continued: Venth Annual Report of the Minnesota’ Survey (for 1881), pp. 34, 35, 107-109, 18-13. 
Typical thin sections of the rocks of the Cupriferous series in Minnesota: Proc. Am, Asse. Adv. Sci., 1881. The eryxtalline rocks 
of the northwest: Proc. Am, Assc, Adv, Sci., 1884. Reprintedin the Thirteenth Annual Report of the Minnesota Geological Survey 
The lake Superior rocks: Science, vol. i, p. 334. Some thoughts on eruptive rocks with special reference to those of Minnesota: 
Am. Asae, Ade. Sei, 188. The Duluth deep well: Bul. No. 5, Minn. Geol. Sitr., 1889, p. 31. The Norian of the northwest: Bul. 
No. 8, Minn. Geol. Sur., 1883 (prefatory note). Crucial points in the geology of the lake Superior region: Am. Geol. Several 

apers in 188. 
ne R. D. Irving. Onthe age of the copper-bearing rocks, of lake Superior, and on the westward continuation of the lake 
Superior synelinal: Are, Jour, Set., 1874 (3), viii, 46-56. Geological structure of northern Wisconsin: (Geol. Wis, vol. 3p.3 
The Keweenawan or copper-bearing system. Geol. Sur. Wis., vol. iii, pp, 167-206. Litholugy of Wisconsin: Wis. Geol. Report. vol, 
i, 1883, p. 340. Copper-bearing rocks of the lake Superior region: Third Annual Report of the U. 8. Geol. Sur., pp. g3-188, [83 
(See also Scé, vol. i, pp. 1M, 359 and 422) ; ditto, Mon. v., USS. Geol. Sur., 1884. 

S.T. Sweet. Geology of the western lake Superior district: Geol. of Wis., vol. iii, pp. 305-302, 1880. 

J.G. Norwoop. See Norwood's report in the report of D. D. Owen, on the Geology of Wisconsin, Iowa and Minnesola, 
made during the years 1847, '48, '49 and °50, pp. 341}45. Quarto, Philadelphia, 1852. 
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it comes within about a mile of the most easterly known exposure of the Thomson 
slates, which are to be seen at several places along Mission creek in section 31. (Com- 
pare rocks Nos. 446 and 447.) Slates also appear in section 29, as reported by Mr. Ayres. 

Back from the face of the gabbro escarpment, which is in some places nearly 
perpendicular, the elevation still rises slightly, forming an undulating drift-covered 
plateau, which, along the north side of the plate, reaches the altitude of over 1,400 
feet. 

The nature and age of the slates are discussed in the chapter devoted to the 
Carlton plate (plate $7), and nothing further needs to be said on that subject except 
to remark that the gabbro, being younger than the slates, seems to have overwhelmed 
them and involved them in itself, in small and large masses, sometimes fusing them 
and sometimes simply hardening and metamorphosing them. These features, how- 
ever, will be considered in the description of the gabbro itself. 

The Fond du Lac sandstone, however, requires further description. It is partly 
discussed in connection with the Carlton county plate (plate 56). This rock (Nos. 
443-449) dips toward the south and southeast, and is exposed on both banks of the 
St. Louis river from Fond du Lac westward to the point at which it is replaced by 
the quartzose pebbly conglomerate that lies non-conformably on the Thomson slates. 


\ 


The following record bears on the nature of this sandstone: 

The Short Line Park deep well® This well commences at an elevation of about 
900 feet above the sea, and therefore about 3800 feet above lake Superior. The drill- 
ings which were sent to the survey in 1588 by Prof. W. F. Phelps, secretary of the 
Duluth Chamber of Commerce, were well washed and carefully preserved in bottles 
marked to show the depths from which they severally came. They afford a valuable 
guide to the structure of the rocks underlying the region, and owing to the impor- 
tance of the stratigraphic succession which they reveal, they have been examined 
ayain recently witha view to the verification or correction of the record at first 
published. It was found that the original description needed but little change. In 
the following description these changes are inserted and more detail is given in 


respect to some of the strata: 
Record of the deep weil at Short Line Park. 


Thickness Depth of 
in feet. well in feet. 
100 100 


1. Earth, - 2 ‘ ‘ ‘ : 2 2 & 
2. Rock (?), no drillings preserved, - - - - - 131 231 


3. Brownish-red, finely granular, homogeneous, with little free silica. ‘The 


material is eruptive, perhaps a tulf, - - - - - 12 243 
4. Is an epidotic, probably amygdaloidal trap, brown. This character is 

apparent on rewashing some of the drillings. It is decayed, and may 

be assumed to have been a surface How, - - - 33 976 
DS. No drillings (probably eruptive), - - - - 104 380 
6. Same as No. 4, but more plainly a surface eruptive, . 7 . 37 417 


* This well has been deseribed in Bulletin v ander the name ‘ Duluth deep well.”’ 
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Thickness Depth of 
in feet. well in feet, 
7. Nearly the same as No. 4, grayish er some of this material appears 
fragmental, - - - - - : . 3] 448 


8. A fine-grained siliceous slate, gray, probably from the slate forma- 
tion below the depth of 619 feet (No. 28). Fifteen feet. 

9. Essentially quartzose; the grains vary from limpid quartz to gray, or 
pink and purplish; some of the larger are composed of grit, the 
constituent grains being rounded. After rewashing a quantity of 
the drillings, there is no certainty of any feldspar in this lot, but 
there are a few pieces of rock like No. 4, - - - - 4) 453 

10. Similar to the last but coarser. There is in this a fragment of amyg- 
daloidal trap somewhat over a quarter of an inch across, one side 
of which shows it was a rounded pebble, and the fractured side of 
which shows green-coated amygdaloid indistinguishable from the 
amyydaloids so common at Duluth. Thereis but little of this pre- 


existing old trap material in the drillings. Slightly pyritiferous, 5 458 
11. Siliceous slate, identical with No. 8; belongs below No. 28. Seven- 
teen feet, = - : Ss - ‘ : F . : 


12. Drillings brown, with green grains of epidote (?), white grains of cal- 

cite and of quartz, and red grains of orthoclastic material. The 

needle does not pick out grains that are plainly of magnetite, but 

scales of rusted metallic iron, derived from the drill. This iron is 

found also in all the foregoing. The rock is not typical gabbro, 

but represents one of its modifications. It is rather tine-grained, 16 474 
13. Is probably a conglomerate, but containing much soft eruptive mat- 

ter. No characteristic felsyte is visible, but some brownish-red 

pieces that may still have come from basic flows. While probably 

Cabotian originally there is nothing here certainly characteristic, 2 476 
14. Evidently a conglomerate that contains principally brown felsyte; 

also brown shale, and whiteand gray quartz and granular quartzyte. 

The shale is perhaps the matrix,and has mainly disappeared in the 

process of drilling and washing the drillings. It is slightly pyrit- 

iferous and epidotic. The materials are Animikie and Cabotian, 

with a Keweenawan cement, : - _ és - - 3 479 
15. Pink and gray, quartzose pyritiferous conglomerate and granular 

quartzyte, although in the main a firm granular and quartzose rock, 

seems also to have contained pebbles of Animikie slate, —- 2 2 481 
16. Drillings are principally granular white or limpid quartz, in small angu- 

lar grains. The cement seems to have been of the same material in 


finer grains, - - - - - - . é 1 482 
17. Same as the last, evidently a white granular quartzyte, - - 2, 484 
18. Same as the last, but much coarser; might be a conglomerate, - - 4 488 
19. Same as No. 18, - : A : : z : . 4 492 
20. The same, ‘ - ‘ ‘ : " i 2 : 4 496 
21. Dark gray, pulverulent; when washed these drillings seem to contain also 
fine eruptive basic rock and vein quartz, - : ‘ : 2 498 
22. Trap-rock, epidotic diabase, some fragments brown; drillings fine and 
generally of a gray color, - : : . é : 24 52) 
23. Same as the last, with some brown grains; probably amygdaloidal; 
epidotic,  - - - : 2 Z z p - 20 542 
24. Rather tine trap-rock, with some brown, similar to the rocks at Duluth, 16 568 
25. Same as No. 24 (when rewashed), but finer, 7 “ : : 8 560 
26. Brown-gray diabasic rock, rather coarse grained, - a - 15 581 
97. The drillings are of two sorts, (a) brown, granito-felsitic, and (b) gray, 
fine-grained and trap-like; some of the latter appearing to be porous 
or amygdaloidal or fragmental, - - “ : - 6 587 
28. Black slate or argillyte, aphanitic and purplish, occasionally embracing 
fragments of coarser grit-rock,as well as of light-green, softer slate or 
schist. This black slate has a slaty cleavage, but it cannot be deter- 
mined whether it is coincident with the sedimentary bedding, 
although it appears to be independent of such a structure; evidently 
the Thomson slate formation, — - s - 2 61 648 
About here belongs No. 8, - : : : : : 15 = 


About here belongs No. 11, - - : : é : . 1 
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EF s3 


dite 


iS 


40. 
41. 


' The same as No. 28, : : 


Summary of the Short Line Park deep well 
231 feet no drillings were preserved. 
partly occupied by red sandstone and shale, viz.: 
banks of the river adjacent, perhaps with more or less eruptive materials. 


The same as the Jast; with some drillings of white vein-quartz, — - 
The same, but having a greenish tinge Enter? and being some softer, 


No drillings,  - - - oe : 2 


The same as No. 30, - - - : 
Essentially the same rock, but apparently not so slaty, with vein quartz, 
The same, rather light gray, . E : - 
Gray slate, slightly pyritiferous; seidantly slaty cleavage, 
The same as the last, - - - - - 
Drillings are of two kinds, (1) dark gray slate (?) like the last, and (2) a 
lighter rock, apparently hydro-micaceous slate, - . - 
Drillings very fine and of a light yellowish color. Thorough washing 
leaves a residue of fine quartz grains mainly; but this does not indi- 
cate the general character of the rock, as the matrix of these grains 
is evidently lost by the washing. Thesegrainsare mainly white, some- 
times glassy, but of various shapes and sizes. They cannot be said 
to be waterworn, and are themselves minutely granular when magni- 
tied about 40 diameters. Mingled sparsely with the white and glassy 
grains are also a few that are purplish, or gray, and also some of a 
loose, hydromicaceous schist. The general yellow-rusty color is caused 
probably by the oxidation of iron scales derived from the drill. These 
scales pervade all these drillings, . - - - - 


The same as the last, - . - . : . 
The same as the last. In this can be seen, under the microscope, some 


fragments of a rock that appears to be a kaolinic itacolumyte and it 
is not unlikely that they are from the rock that furnishes these 


quartzose washings, . - 
The same as the last, but also contains some drillings like the next, 


Gray compact, very fine grained, erypto crystalline or fragmental, 
diabasic (?) rock, - - - : - - - 
Same as the last, but also contains some gray slate, 


Same as No. 43, . - - - 
The same fine-grained gray rock caaaoatiates: under the microscope 


it appears to consist of tine glittering grains resembling quartz, 
Sa:ne as the last, but more evidently a fragmental gray quartzyte, 
The same, but somewhat lighter colored, - - 
Same asthe last,-  —- - : 
Gray quartzyte, very fine, same as No. 46, - 
The sane, - - - - - 
The same, but some grains are apparently from a somewhat cinauaisis 

rock, though not argillitie, - - - - 
The same graywacke, evidently slaty and tiner-grained, 
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890 
1090 
1180 
1185 
1245 
1350 
1380 
1385 
1410 


1445 


1447 
1455 


1458 
1460 


1462 
1464 
1465 


1466 
1467 
1477 
1487 
1497 
1005 


1510 
151714 


Previous to reaching the depth of 
It is to he supposed that this interval was 
131 feet, same rock as seen in the 


The first 


drillings preserved are of eruptive nature (No. 3), and this rock which, given a thick- 
ness of twelve feet, passes into an amygdaloidal trap, which is recorded as having a 
thickness of thirty-three feet, after which is another unknown interval of 104 feet, 
but which, considering that the same rock (amygdaloidal trap) recurs below it, may 
be supposed to have been occupied mainly by eruptive strata, but probably embracing 
also fragmental materials such as reddish conglomerates and sandstones, products of 


cotemporary eruptions. 


The foregoing, a mass of bedded eruptives, having a thick- 


ness of 217 feet (Nos. 3 to 7 inclusive), plainly belongs to the Manitou eruptive epoch, 


e, the upper part of Irving’s Lower Keweenawan. 
included in the first 231 feet, are Irving's 


38 


Upper Keweenawan. 


The sandstones overlying, 
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Below these eruptives follows a series of hard quartzytes, and quartz conglon- 
erates, with but little eruptive material, including Nos. 9 to 20 inclusive, having a 
thickness of forty-eight feet. The striking similarity of this to the pyritiferous white 
quartz conglomerate seen in the left bank of the St. Louis river a little west of Short 
Line Park, leaves no alternative but to parallelize it with that rock. But here, instead 
of lying on the Thomson slates, it lies on another series of eruptives which exhibit 
a thickness of ninety-one feet. These eruptives are amygdaloidal, and resemble 
greatly those that occur at Duluth and eastward to Chester creek. It seems necessary 
to parallelize them with the flow rocks at Duluth. These rocks, as represented by 
these drillings, are not wholly free from fragmental materials, neither are they along 
the lake shore at Duluth. 

Below this second series of eruptives is found the Thomson slate, the supposed 
equivalent of the Animikie. This formation, although penetrated by the drill to 
the bottom of the well, 1,5174 feet below the natural surface, developing a thickness, 
as penetrated, of 930 feet, was not pierced at that depth. These parts may be put 
together succinctly as follows: 


Feet. 
1. Drift and red sandstones of Fond du Lac, no drillings, - : : a 38 i B31 
2. Eruptives (surface flows, etc.), - ; : : - 2 217 
3. Pyritiferous quartzyte and quartz conglomerate, - - . - . : : 48 
4. Surface flows, as at Duluth, - 2 Z , : : : 5 9] 
5. Slates, as at Thomson, : : : : : é : : : : 9301; 
Total, - - - - - . : : : ‘ 151i 


There are several things to be noted in this record. 

1. The Fond du Lac sandstones are chronologically separated from the 
quartzose, pebbly conglomerate on which they lie at the river, by a series of surface 
eruptives. This marks an important physical event as transpiring in the immediate 
neighborhood between the date of the quartzyte and conglomerate, and that of the 
Fond du Lac sandstones. This physical change in the environment is indicated by 
the change in the nature of the accumulating cotemporary sediments, viz., from 
siliceous sediments to sediments of eruptive fragments, although at the river there is 
no apparent stratigraphic break. Fine, basic eruptive debris, even constituting red 
conglomerates, isso abundant in the lower portion of the Fond du Lac sandstones as to 
constitute strata several feet thick, having alternating shale beds. This is illustrated 
by figure 2 of plate XX, which was taken as a photograph at the mouth ofa creek 
entering the St. Louis river near the old station of Greely. The conglomerate beds 
are fifteen or twenty in number, separated by red shale and sandstone. 

2. The gabbro, as such, is wanting, and in its place is a series of eruptive basic 
flows, which are identical with those seen at Duluth. This indicates that the gabbro 
intrusion, which immediately followed the Animikie, appeared as a succession of 
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Age of Fond du Lac sandstone.) 


extrusions at the surface. This is also in keeping with the succession at Duluth, but 
it makes the Duluth surface eruptives of the age of the gabbro, and earlier than the 
Manitou eruptive epoch. 

3. The bottom of this lower series of eruptives (No. 27) is characterized by the 
same features as have been noted at many places where the gabbro forms a contact 
on the Animikie, viz., the fusion and blending of the fragmental rocks with the 
basic eruptive, producing two sorts of rock, both apparently eruptive, one acid and 
one basic, the former the result of such fusion. Similar transitions from the gabbro 
occur on the hills at Duluth much more strikingly. Such fused material may 
not all come from the Animikie, but may be derived from any earlier acid rock, 
either fragmental or crystalline. 

The age of the Fond du Lac sandstone. This rock, being closely connected with 
the later eruptives, must be about cotemporary with some of the Manitou flows of 
the Keweenawan. The gradual dying out of the eruptive action rendered the sand- 
stone more and more siliceous, and it appears that the upper strata are almost free 
from the shaly, red sediment that characterizes the lower portion. The rock thus 
gradually becomes a pinkish and finally a nearly white sandrock which is well 
_ known as a good building stone at Hinckley and on Kettle river. It seems that the 
eruptions that characterized the early portions of its history are marked by the fine 
red conglomerates, and by the red shales into which the conglomerates gradually 
change, and that, had it not been for this eruption, there would have been a contin- 
uous and uniform sandstone deposition from the pebbly conglomerate and white | 
quartzyte at the bottom to the sandstones at Hinckley, and finally to the St. Croix 
sandstones of the Mississippi valley, which are characterized by an upper Cambrian 
fauna. At the earliest, therefore, these sandstones (at Fond du Lac) seem to fall 
into the bottom of the upper Cambrian, and it would be a convenient subdivision to 
adopt the Manitou eruptives of the Keweenawan as the plane of stratigraphic sepa- 
ration from the middle Cambrian. It cannot be questioned that such a disturbance of 
the oceanic waters would exterminate the species existing in the vicinity, and for a 
long time prevent the introduction of others. 

The quartzyte and siliceous conglomerate lying below the Manitou smitty es may 
therefore be of the middle Cambrian, but this cannot be affirmed from the discovery 


of any fossils within the lake Superior basin.* 
THE GABBRO. 


The petrographic geology of the gabbro (rock No. 1) is given in volume v, and 
its general structural relations are to be found in the opening chapter of that volume. 


, * This subject is further discussed in the chapter devoted to the structural geology of the northeastern part of the state, in 
volume vy. 
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. At this place will be given some local details of the outcrops, which extend along the 
crests of the hills from Short Line Park to and beyond Duluth. Careful study of the 
gabbro has been made at Short Line Park and at Duluth. Most of the intervening 
space has not been examined with care. 

Gabbro at Short Line Park. The Beaver Bay diabase. The Saint Paul and 
Duluth railroad, in passing from the upland to the level of the St. Louis river, between 
Short Line Park and Smithville, skirts closely along the western spur of the gabbro 
range, occasionally making cuts in the rock. The most important are near Short 
Line Park station, in the southern part of sec. 33, T. 49-15. Here, facing toward the 
west, is an abrupt cliff (Nos. 1942-1947), which ascends from near the railroad track 
to the elevation of about 1,100 feet, the culmination being in the form of a rather 
sharp peak, as it is viewed from the south. This westward face seems to be due to 
some faulting. It is nearly perpendicular, and the heavy beds of the gabbro, 
with its variations, are very apparent. The whole rock mass dips, or slopes, 
toward the south, and is cut at the lowest point by the grade of the railroad. In the 
face of the cut the rock appears nearly or quite homogeneous, of a gray color, rather 
fine-grained, separated by irregular joints that cause it to present a coarsely jagged 

aspect, and to quarry out in irregular large blocks. It is not appreciably different 
from numerous trap sheets that have the name diabase, and it has the ophitie struc- 
ture. At the western side of this ridge, however, this rock (No, 1951) is amygdaloidal 
with zeolitic and chloritic amygdules in abundance; also has seams and irregular 
deposits that appear to be of heulandite, calcite, etc. Indeed, it is not distinguish- 
able, at least outwardly, from much of the trap and melaphyr that occurs on the east 
side of the gabbro range at Duluth, or from that which occurs at Taylor's Falls. 

At the second cut, which is on the east line of 8. E. 4 sec. 33, about half a mile 
further east, the same sort of trap-like gabbro is seen. This is a small cut. At the 
third cut, where the range comes down ex masse toward the railroad is an interesting 
exhibition of gneissic and bedded structures in the gabbro. The road barely cuts it. 
but passes round the rock. The grand alternation here seen is represented by the 
sketch below. 


FIG. 108. SECTION NEAR SHORT LINE PARK LOOKING EAST-NORTUEAST. 


1—Ordinary biotite gabbro, 100 to 200 feet. | 2—Strongly magnetic, coarse, olivinitic (No. 1943), 15 to 20 feet. 
2—Fine-grained olivinitiec gabbro (No. 1945), 10 feet. 4—Coarser, ordinary gabbro (No. 194). 


No. 2 weathers gray and greenish. One portion, which is marked by a green- 
weathered surface, is véry fine grained, but black or nearly black within, and hasa 
finer internal lamination which i is hardly a stratification, but may be a fluidal strue- 
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ture. On the face of the exposed bluff the rigid beds or coarser laminw which are 
about half an inch to an inch in thickness, are seen to be coincident with the general 
dip and strike, running on the face of the bluff from one end of the exposure to the 
other, with some interruptions where the rock is concealed. 

No. 3 is most conspicuous, being thicker and black. When not crumbling, as it 
is frequently, with its coarse crystallization, it also is rigid in beds of about the same 
thickness as those in No, 2. It is strongly olivinitic, but all the crystals are coarser 
and apt to be superficially rotted to a rusty-yellow substance. This rusting of the 
olivine grains gives it a specked appearance. The iron varies from one-tenth to one- 
half or more of the whole, and endures the elements better than any of the other 
minerals. Black mica, with brilliant colors of yellowish irony red, is common, as 
well as pyroxene. Tabular plagioclases cut through the rock. The black aspect is 
due to the prevalence of menaccanite, pyroxene, olivine and biotite. Perhaps pyrox- 
ene should be placed first for frequency. 

At another cut still further east there isa still larger display of sinilar olivinitic 
and magnetitic stratification. | 

If, now, a more careful survey be made of this rock, say at the first hill east of 
Short Line Park, we tind that, in general, the amygdaloidal structure spreads widely 
over the gabbro. This is evident in ascending the hill. Numerous belts from three 
to six inches wide, of irregular course and shape, cross the face of the westward- 
looking cliff. These are distinguished by being much finer in grain and of darker 
color, jogging about suddenly and almost fading out. Some such narrow fine-grained 
belts are little dikes cutting the gabbro, but these do not jog about and do not fade 
out in the gabbro. They contain quartz amygdules, while the ropy belts contain 
calcite, chlorite aud quartz, as well as a red mineral which 1s apparently orthoclase. 
The only place at which heulandite and stilbite are found is in a vein on the south 
side of the railroad cut, where the rock falls away in masses, sometimes obstructing 
the track. Here waters from above have acted, destroying the rock and converting 
some of it into a soft chloritic soapstone or shale, which is occasionally stained red 
by iron. Generally, in the cut, the rock does not show any amygdaloidal structure. 
This structure appears best at the west side and along the top of the cliff and widely 
over the general upper surface, as it rises toward the north, culminating in a sharp 

summit. | 

(toing up this slope we find its course coincides roughly with the prevalent 
direction of the dikes that cut the Thomson slates, 7. e. about north and south. The 
supposed amygdaloidal surface flows show their outcropping edges running in the 
same direction, also the little later dikes mentioned. These later dikes are con- 
spicuously amygdaloidal with quartz. About half way up the hill an original 
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vesicular structure pervades the whole surface of the gabbro, the fillings being 
green, but sometimes also quartzose. Over on the east side of the ridge this original 
porousness descends to a depth at least of three feet in the mass of the gabbro. 
The rock is here seen to be denser in places, and the amygdaloidal surface slopes 
eastwardly from 6° to 10°. The top of the hill, while not amygdaloidal conspic- 
uously is of a finer grained, trap-like gabbro. There are numerous benches in the 
latter part of the ascent, the whole rock being broken by distant jointing ina 
manner very similar to that at Taylor’s Falls. These are not evidently formed by 
successive layers of diabase and amygdaloid, but on wide and careful inspection they 
are seen to be actually separable into a series of such alternations. Some are plainly 
thus bedded, the amygdaloidal streak being from twelve to eighteen inches wide, 
and sloping east or southeast at an angle of about 10°. 

There is not apparently here an illustration of the rule that the surface of the 
flow is porous, and the lower portion massive, but the amygdaloidal rock is on both 
sides of a separating plane which has the appearance of being a flowage-contact 
plane. This indeed appears to be the case generally here, though there is sometimes, 
especially along the west face of the hill, where the rock breaks off about vertical, 
a rather conspicuous banding about a foot wide which is both finer grained and 
amygdaloidal, and more evidently belongs to the upper surface of an extended flow, 
and resembles the succession seen say at Agate bay, though less marked and less 
extensive. No geologist can clamber over the face of the bluff on the west side 
without being convinced that this rock originated by a suvcession of surface flows 
in the same manner as the later Keweenawan flows. 

The later dikes that cut this rock run approximately north and south. They 
are from four to six or eight inches in width, usually, and are jointed conspicuously 
along their contacting surfaces transverse to their direction, and are frequently 
amygdaloidal, the amygdules being elongated, often parallel with the jointing. One 
larger dike, at least sixty feet wide (the east side was hid by soil and brush), running 
N. 15° E., is not amygdaloidal. This was certainly introduced after the gabbro was 
solidified. It is very fine and dense, but coarser toward the centre, and the gabbro 
along the contact is gneissic for two to four inches. 

Some of the amygdaloid seen on the western face of this hill is quite similar to 
the large boulder (No. 1949) seen at Cloquet (see the chapter on the Carlton plate, 
No. 87). This occurs not far from the Saint Paul and Duluth railroad, but the belts are 
but twelve or eighteen inches thick, the red (orthoclase) mineral being very evident. 
Yet, in all this hill no red rock proper can be seen, and in this respect this hill differs 
‘from that next further east, where much of it appears. At the north side of sec. 32, 
T. 49-15, northwest from the railroad cut at Short Line Park station, where the high- 
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way crosses the creek, 1s a small outcrop of rock belonging to this gabbro series, 
containing large blobs of red rock in scattered patches (No. ee though less 
abundantly than the boulder above mentioned. 

The amygdaloidal structure of this gabbro hill appears old. It has an inde- 
finable aspect that differs from that of the later amygdaloids of the Keweenawan. 
The dependence of this on the gabbro is an indication of a similar relation of the 
amygdaloids at Duluth to the gabbro range adjacent, and goes to confirm the idea 
that the Cabotian eruptives made important surface flows and other accumulations, 
as well as enormous batholitic masses. The rock cut at Short Line Park station is 
probably in the same relation to the great gabbro mass as the Beaver Bay diabase, 
but cannot be separated geographically from the gabbro mass proper. Probably the 
only true Manitou rock to be seen here is the dikes (No. 1953) that cut this gabbro. 
The deep well at Short Line Park, whose record has already been given, passed 
through a series of amygdaloids below the base of the Potsdam conglomerate, which 
are supposed to be the representative of this amygdaloidal portion of the gabbro. 
They are Nos. 21 to 27, inclusive. Hence, the flow gabbro seen at Short Line Park 
may be considered the westward continuation of the Beaver Bay diabase. 

The Cabotian at Duluth. Many very interesting features of the gabbro can be 
seen at Duluth and in the hills that rise in the northern and western suburbs. The 
rock is much exposed, and many of its features can be studied minutely, and its 
relations to the clastics and to the surface flows that occupy the lower levels could 
formerly be traced almost continuously. The interpretation of the geology of 
Duluth. here presented, is that which has grown up in recent years, based on a 
wider field of fact than can be observed within the limits of the city, and has been 
already outlined in giving the field characters that obtain at Short Line Park.* The 
gabbro itself is believed to be of the nature of a basic igneous intrusion that invaded 
the strata of the Animikie existing in the region, at the close of that formation. 
This great event is one of the evident steps in the history of the lake Superior syn- 
clinal, and probably it can be separately identified, as indeed has been indicated, on 
both sides of the lake. When the rocks of this intrusion did not reach the surface 
they profoundly affected not only the Animikie but also the older clastics. The 
heat that they carried fused the clastics, and the fused rock often flowed with the 
gabbro itself, and on congealing it also formed large bodies of a different sort of 
igneous rock, viz., the ‘“red-rock” of the Cabotian so often referred to (Nos. 1B, 19, 
42). These two rocks exhibit interesting relations. ‘They occur in contact, not only 
as great bodies of massive rock, but they both flowed out at the surface, forming 
lavas and amygdaloids. When the fused clastics were rapidly cooled they gave rise 


*Compare also Amer, Geol.: ‘‘A rational view of the Keweenawan.” N. H. WINCHELL. Vol. xvi, p. 150. 
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to felsytes and aporhyolytes, and to quartz-porphyries; when they had sufficient 
time they consolidated as granite and augite-svenyte. - The vents at which the sur- 
face rocks may have escaped as from volcanoes cannot be certainly located, but they 
must have been in the immediate vicinity of the greater gabbro bosses. They were 
probably directly above those great gabbro bosses, which then were great. reservoirs 
from which the molten rock flowed, but all the crater-like features have been eroded 
and the natural surface so degraded as to expose the reservoirs themselves. 

As the Animikie was greatly fused at the loci of the greater disturbance, it was 
greatly broken, and, at points more removed from those loci, more or less mingled 
with the result of its own fusion. At still more protected places it was simply 
metamorphosed (No. 44), though much tilted. In such cases it can be seen to 
acquire in one direction the characters of the red rock, and in the opposite direction 
those of the normal Animikie (compare the Pigeon Point plate). The actual sur- 
face eruptives that buried the tilted and broken Animikie strata are preserved from 
denudation only at lower levels. They occur all along the lake shore from near the 
Union depot to Chester creek and further east. In some cases they are mingled 
with volcanic debris. There is a sandstone (No. 17) at the lake shore inter-stratified 
with those surface flows, which consists essentially of fragmental devitrified glass 
_ with a few angular quartz grains. The acid quartz-porphyries at New London (No. 
55) are a portion of the acid flows derived from the fusion of the clastics by the 
heat of the gabbro intrusion (figure 109). The porphyrytes and amygdaloidal 


FIG. 1089. STRUCTURES IN THE RED ROCK BLUFF AT NEW LONDON. 


porphyrytes, and the diabases that occur within the city of Duluth at the lake shore 
are but little or not at all affected by the intermixture of the acid with the basic 
elements. There are but few places where these elements can be seen to be mixed 
with a regularity approaching complete interpenetration. Where they are so min- 
gled (as in No. 5) the resultant rock, when cooled slowly, is a massive, wholly erys- 
talline one, which is intermediate between gabbro and granite. It has been styled 
“hornblende gabbro” by Streng and Kloos and “orthoclase gabbro” by Irving. But 
more frequently there are strings and patches of the acid (red) rock disseminated 
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through the otherwise homogeneous gabbro (compare plate DD, figure 1). . Such can 
be seen at some of the cuts made for the streets in the gabbro back from Rice’s 
point and eastward. Sometimes the red rock appears to exist as dikes in the gabbro 
and also to underlie the gabbro in enormous masses. In general the acid elements 
penetrated the basic with greater facility than the basic the acid. But that they 
were molten at the same time, and became more or less mingled, is evident from 
many minor associations that they exhibit. 

The best place to examine the unmodified gabbro is at the cuts in the vicinity 
of Rice’s point. The “red rock” variety becomes strictly granitic, at Duluth, but 
when it is intimately mingled with the basic, its elements are seen to crystallize as 
orthoclase, hornblende and quartz, in quite sizable grains (No. 5). In such con- 
ditions the labradorite of the gabbro is also apt to be penetrated by micro-graphitic 
quartz, and so obscured by it and by other secondary products that it can hardly be 
determined as labradorite. Sometimes also epidote and sphene result, while the 
augite is apt to become fibrous and the olivine (which is not commor) to wholly 
disappear. In other places the contacting on the clastics is evinced apparently by a 
greater amount of menaccanite in the viciamty. Some years ago there was some 
effort to develop this iron ore economically, at a point in the northern part of the 
city. The largest exposures of the red rock at Duluth are in the form of a more or 
less continuous belt, running east and west on the slopes of the hills about 250 feet 
above the lake. This belt, which can be traced for several blocks, is of irregular 
width, and sometimes rises as high as about 400 feet. It gives the general 
impression of a sheet of varying thickness lying against the gabbro range and 
occasionally penetrating it in favorable conditions. There are no surface erup- 
tives above it (2. e., at greater elevation), but in the line of its extension is found 
an unfused portion of the Animikie (No. 44). This last is found on Piedmont 
avenue at its intersection with Lake street, and along Piedmont avenue toward 
the west. Here are large and interesting exposures of some supposed Animikie 
slates, hardened and modified by the gabbro, making a more or less mottled, fine- 
grained, dense and black rock (Nos. 1966 and 1967). Outwardly it frequently pre- 
sents the aspect of a coarse conglomerate partially fused and cemented, but it is more 
probable that such appearances are due to the effect of the metamorphic action on 
the slates. A little west from this crossing, where a small creek passes Piedmont 
avenue, the red rock (No. 1968) 1s in the bed of the creek, and above it, in the road- 
way, is this black rock. West from the crossing of the creek, this black rock con- 
tinues interruptedly for two or three blocks, but with variations to the red. In one 
place, just west of the creek, the red rock has a perpendicular line of contact on the 
black. This red rock is homogeneous, or nearly so, very fine-grained, though having 
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sparse crystalline cleavages of a porphyritically scattered very fine feldspar. It also 
has dark-green, fine specks which seem to be closely embraced in the integral struc- 
ture of the rock. The black rock (No. 1966) is usually rather homogeneous, and 
densely fine-grained, resembling a fine basalt, but on the weathered surface, nearly 
everywhere, it is revealed as not being a homogeneous rock (No. 1967), for curiously 
shaped forms weather out, often appearing like foreign boulder-like pieces, or some- 
times of irregular shapes like a breccia. Yet it can hardly be called a breccia for 
this structure pervades a considerable thickness, and a large area. Indeed, the whole 
of this rock here exposed is, so far as can be seen, affected more or less by this struc- 
ture. In thin section this rock shows a clastic origin, with scaétered angular frag- 
ments of quartz, the most of the fine matrix being sometimes unidentifiable, but 
showing magnetite and mica. There is also apparently some chlorite and calcite. 
In the field it would be very easy to confound this fragmental black rock with an 
eruptive, dense basalt, for they both occur at Duluth. These general relations are 
shown by the profile sketch (figure 110). | 


Gabb 


summit Terrace 


FIG. 110. PROFILE SKETCH AT DULUTH. 


A still more conglomeratic aspect is to be seen on a low knob farther west and 
at a higher elevation. This knob is one of a series of undulations east of the creek 
which is ponded artificially above the terrace boulevard, and west of the inclined 
railway, 7. e., nearly northwest from the Union depot. Here there appears to be two 
rocks, one red and the other black, but the red color is often only superficial, and 
about an inch thick, the same rock being nearly black below. These reddened areas 
are surrounded by narrow bands or seams of dark rock which give them the appear- 
ance of boulders embraced in a matrix. On some parts of the exposed area the red 
rock is in irregular patches and veins in the black, appearing as if it had filled many 
minute fractures in the black rock, embracing the black as if it filled the openings 
in the breccia of the black. When one notices closely, however, he observes that 
these characters are not invariably dissociated to their respective rocks. The black 
fades out to the red by the appearance of red blotches throughout it, and in some 
cases a red surface is underlain by a dark brown interior, and this again becomes 
black. In other places there is a sprinkling of the red element evenly through the 
black, becoming apparent on weathered surfaces, though such rock is usually, or 
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always, a massive and compact one which has cooled from fusion. In short, the two 
rocks are not essentially different. | 

Further east, in the vicinity of the High School, were formerly numerous expos- 
ures of a similar conglomeratic looking rock extending in a series northeast and 
southwest as if in the strike of a sedimentary formation. This lies below a thick 
diabase (No. 43) which extends to the falls of Kinichigaquag creek (Chester creek); 
it has a rough blotched exterior, and appears like a fine basalt, in general, but shows 
light quartzose nodules, somewhat micaceous. The most of the pebbles are of the 
color of the rock except on weathering. In other places, by reason of the weathering 
and the fires that have prevailed, a red banding is seen rudely conformable with the 
supposed bedding, which, on being broken, reveals a texture and fracture as well as 
color and hardness of the quartzytes at Pigeon point. Rock No. 807 represents this 
gray quartzyte, but not the general character of the rock that resembles outwardly 
a breccia or conglomerate. Underlying this supposed conglomerate is a red quartz- 
less rock or red syenyte. This occurs in irregular patches and extends westward to 
Rice’s point. 

In attempting to account for this apparently conglomeratic character in a rock 
which was not probably originally a conglomerate, there is available, apparently, 
but one explanation, viz.: a breccia mingled with the fused parts of itself. Such 
breccia would lose its angularity by the friction of its parts upon themselves, or 
by the solution of the angles and edges in the molten rock that filled the openings. 
Considering the circumstances under which this metamorphism took place, it is to be 
presumed that the clastic rocks were frequently and profoundly brecciated, and that 
the openings were filled sometimes by basic magma and sometimes by acid. 

The Cabotian surface rocks are those that appear, or did formerly, along the 
lake shore from near the Union depot eastwardly. By the development of the city 
their exposures have nearly all been concealed. They consist of diabase and _ por- 
phyrytes, the latter being very often amygdaloidal. A fair illustration of these rocks 
can still be seen at the mouth of Chester creek (Nos. 35, 36), and for some distance 
up the creek, which runs in a httle gorge which has been eroded in them. They 
have decayed considerably and are easily excavated. Some of them are dense and 
nearly black, evidently once in a condition that was more or less glassy, making a 
basalt. They also embrace some beds that are fragmental, though consisting almost 
wholly of eruptive materials. The stratiform condition of this clastic material indi- 
cates the presence of the ocean and its dissemination of the debris at the date of the 
eruptions. It is a submarine volcanic tuff mingled with ordinary detritus. In the 
midst of these strata sometimes occur, rather irregularly, areas of coarse gabbro-like 
rock, the exact order and manner of occurrence of which cannot be stated because 
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of the surface covering. Such coarse rocks are seen at the following places: Between 
Second and Third streets and Third and Fourth avenues west, behind the Methodist 
Episcopal church- the old church- (No. 49); at a street cutting to the east of the base 
of Minnesota point on Superior street, this cutting furnishing good quarrying 
facilities. These rocks are either parts of unusually heavy surface flows from 
which the amygdaloidal upper portions have been removed by glacial abrasion, 
or they are local protrusions of the main gabbro mass in spurs somewhat more 
distant from the chief reservoir amongst the Animikie beds, now uncovered by the 
removal of the superincumbent strata. 

On Michigan street the grading has exposed a condition of the gabbro not com- 
mon. The entire mass of the rock is separated into globular masses of about an inch 
in diameter, causing it to appear fragmental (plate P, figure 1). This globular struc- 
ture, further west, is more coarse, and is represented by rock No. 1D. 

Lastly, these Cabotian eruptives, as well as the gabbro, are cut by a series of 
later dikes, which have a prevalent direction nearly north and south, in that respect 
repeating or continuing the dike system seen at Thomson and at Short Line Park. 
These dikes are of diabase, and entered the rocks that they cut after those rocks had 
cooled, which is evinced by the fineness of the grain of the dikes at their contacts, 
and they are believed to belong to a later eruptive epoch, ¢. e., that which, in order 
to distinguish them from the earlier, may be called Manitou, and which followed the 
formation of the pebbly quartz conglomerate of the St. Louis valley. 


ROCK SAMPLES. 


The following rock numbers were collected in this area: 


By N. H. Winchell: Nos. 1-61; 443-448; 511-514; 807-809; 850; 853-653B; 856, 857; 1540-1545: 1796-1806: 
1942-1948; 1950-1954; 1966-1968; 2089-2091. 

By J. E. Spurr: Nos. 1888-1988. 

By U.S. Grant: Nos. 925G-928G. 


CHAPTER XXXII. 


MINNESOTA IRON MINING ECONOMICALLY AND 
STATISTICALLY CONSIDERED, 


By HORACE V. WINCHELL. 


“Ce n'est pas Vor, mais le fer qui est le roi des méetaus.” 


Minnesota’s one-sided and unequally developed iron industry is of recent date, 
but phenomenal growth. Though only a decade and a half since the first car load of 
ore was digged from its rocky bed in our northern wilds, the infant industry has 
grown with amazing rapidity, until today an almost incessant stream of purest 
hematite 1s kept moving toward the insatiable and ever more numerous furnaces of 
the east, and thousands of human mouths depend for daily bread upon the steady and 
profitable operation of the various forces here engaged in furnishing the raw material 
for the iron and steel structures of the world. Should the sources of this great supply 
for raw iron suddenly become exhausted, the consequences are beyond the power of 
pen to portray. From east to west, from north to south, great industrial enterprises 
would immediately become benumbed. Mills, factories and centres of activity would 
be silenced, and the prices of the commonest articles of iron would rise to such a 
figure as to cause many a failure, and perhaps a wide-spread panic in money centres. 

To describe briefly for the citizens of Minnesota, from the view-point of one 
who has been more or less intimately connected with this iron-mining industry from 
its inception to the present time, and to represent in as few words as possible the 
importance of properly nourishing and prolonging its existence for the greater benefit 
of the Commonwealth, is the purpose of the writer in the pages that follow. Much 
that he will say has been already presented in one way or another by himself or 
others; but it is incorporated here as the proper place in which to record events and 
information that are of so great importance in the past and future of the state. _ 

In 1880 the population of St. Louis county was 4,504. There was not a settle- 
ment north of Duluth and the wilderness that lay between lake Superior and the 
Ontario line was known only to a few explorersand Indians. The gold mining excite- 
ment of 1866 had died out, and only vague recollections of Vermilion lake lingered 
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in the minds of those who had been led to visit what is now known as the Vermilion 
Tron range by the exaggerated reports of gold ore there. Samples of iron ore of the 
red hematite variety had, it is true, been collected there in early days, and the state 
geologists had called attention to the evidently large deposits of this mineral at van- 
ous times since the days of Norwood and Eames. But the region was so remote and 
so little known, and the reports of geologists are so little read by the explorer and 
miner, that no attention was paid to the vast stores of iron treasure, and no one 
dreamed of the developments so close at hand. 

In 1890 the population of St. Louis county had reached 44,862. In this year the 
production of iron ore, which began in 1884, was 880,014 gross tons, A standard 
gauge railroad had been constructed to Tower and Ely and the Vermilion range had 
taken its place among the prominent iron ore districts of lake Supenor. Millions of 
dollars had been invested in appliances for the mining and handling of iron ore, and 
thriving cities had been established at the mines, and at Two Harbors where the ore 
is transferred from railroad car to vessel. 

In 1895 the population had increased to 78,575. The Mesabi range had been 
discovered and opened up and the output of ore from this wealthy county reached 
the magnificent total of 3,859,425 gross, or considerably more than 4,000,000 net, tons 
of high-grade hematite ore. 

In the year 1898 the iron ore production had increased to nearly 6,000,000 tons, 
and the increase in population, due to the settling up and development of new dis- 
tricts, had kept nearly an equal pace. 

It is not possible to determine the exact relation between-increase of population 
and the growth of this iron mining industry; but the figures given above are inter- 
esting and significant, and it is difficult to escape the conclusion that there is a rela- 
tion of mutual dependence between them. If, then, the mere opening up and exploi- 
tation of iron mines bring in their train such rapid growth, how much greater would 
be the benefit from the establishment of industries to work this product into its 
various refined and finished forms? If the development of an iron mining industry 
could add thus suddenly to the population of a district, how much more rapidly 
would that district become depopulated if the industry which supported it were sud- 
denly paralyzed! Many examples of the decay or utter abandonment of mining 
towns have come under the writer's notice in the western states, and nothing more 
desolate can be imagined. To properly conserve, therefore, and to prolong the exist- 
ence of this important industry, should be the endeavor of every one who has the 
welfare of the State at heart. 
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GEOGRAPHICAL. 


Location of mines. As already indicated, the iron mines of Minnesota, so far as 
developed, are situated in St. Louis county. About midway between lake Superior 
on the southern side and the Canadian boundary line on the northern side of this 
small empire, with its area of 5,860 square miles, are found the two iron belts or 
ranges, lying about twenty miles apart from each other and extending in an easterly 
and westerly direction. On the south, and hence nearer to lake Superior and the 
ore shipping ports, is the Mesabi range, whose rocks may be traced by surface out- 
croppings from T. 65-4 W. to T. 56-24 W., a distance of more than 150 miles. The 
iron ore formation of the Vermilion range is not nearly so regular and well defined; 
but the rocks of that general formation are known to extend from T. 65-7 W. to T. 
60-26 W., a distance of more than 125 miles. 

It should not be imagined that there is one continuous deposit of iron ore 
stretching across the great extent of country mentioned above. On the contrary 
the ore deposits are scattered along in groups at irregular intervals, and thus, 
besides being very narrow as compared with their length, the ore belts are chiefly 
composed of non-productive or unmerchantable reaches for miles, with occasional 
groups of rich mines. Thus on the Vermilion range there have as yet been dis- 
covered but two groups of mines, situated respectively at Ely and Tower, twenty- 
three miles apart, and the remainder of the range is not definitely known to possess 
workable deposits. On the Mesabi range the groups of mines are centered around 
the cities of Biwabik, Mckinley, Sparta, Eveleth, Virginia, Mountain Iron and 
Hibbing. 

HISTORICAL. 

The first mention of iron ore in northern Minnesota, appears in the report of J. 
G. Norwood, under date of 1850.* He mentioned the occurrence of iron ore at 
Gunflint lake, on the extreme eastern end of the Mesabi range, and correctly stated 
it to be in the eastward continuation of the hills known farther west as the Mesabi, 
and which extend to Pokegama falls on the Mississippi river. No particular impor- 
tance appears to have been ascribed to this ore by Norwood, and in truth it has none 
at the point where he observed it. 

H. H. Eames, state geologist of Minnesota in 1865 and 1866, was the first to 
observe and report iron ore on both the Vermilion and Mesabi ranges, and to consider 
it of any value. In his report for 1866, he describes the ore outcroppings near the 
southern shore of Vermilion lake, and in his report published the following year is 
an account of the ore at Prairie River falls, on the western end of the Mesabi, and 
several analyses showing it to be of good quality. 


*D. D. OwEn’s report of a geological survey of Wisconsin, Iowa and Minnesota, p. 417. 
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The later geological reports of Minnesota have so frequently mentioned and 
described in detail the iron ranges and the early development that it seems unnec- 
essary to go over it again here. The well-informed members of the community are 
always ready to award to the state geologists the credit due them for so early and 
in such a singularly accurate manner foretelling the probable developments of these 
great iron ore districts. That similar recognition is also received from outside 
students and recognized authorities on the subject is evident from the following 
quotation from the report of Mr. John Birkinbine, statistician for the U.S. Geolog- 
ical Survey, who in his report for the year 1896 speaks as follows: 


“The Geological Survey of Minnesota is to be congratulated upon having pointed to the region now known 
as the Mesabi range as a probable iron-producing district prior to active explorations and exploitations, and the 
limits in which workable bodies of commercial ore have been found correspond closely with the conclusions 
arrived at by the geologists as to the probable existence of this material.’ + 


QUALITY OF ORES. 


As handled and sold at present the price of iron ore depends on its chemical 
and physical properties to a greater extent than ever before. The ore is sampled at 
the mine and often at the docks of both the shipping and receiving ports, and if there 
is any variation in chemical composition from that guaranteed when the ore is sold, 
there is a corresponding reduetion or increase in price. The table which accom- 
panies this chapter gives the analysis of all the lake Superior iron ores for the 
season of 1898. From this table it will be seen that the ores of the Mesabi range 
average higher in iron and lower in phosphorus than the ores of any of the Michigan 
ranges. It will also be seen that the Vermilion range ores contain a higher per 
cent of iron than those of any other range. 

If therefore chemical composition were the only criterion, the Minnesota ores 
would bring higher prices than those from any other range. As a matter of fact, 
however, the physical quality of an ore affects its behavior in the blast furnace, and 
hence its desirability. Thus it is found in practice that the extreme fineness of the 
Mesabi ore renders impracticable its use in furnace mixture with other ores toa 
greater extent than forty percent. This fact, added to that of great abundance and 
easy production, operates to depress the price of Mesabi ores, even though their 
chemical make-up is superior. The result is that ores which on the whole average 
better than those from any other district in the world bring at present the very 
lowest price in the markets. 

Attention should perhaps be called to the fact that there is an immense quantity 
of poorer grade ore on the Mesabi range, which will not bear the expense of shipping 
to far distant markets, and which will not be mined for anything but local consump- 
tion as long as iron ores sell at the present low figures. 


+ Seven'centh Annual Report U.S. Geol. Sur., part iit, p. 38. 
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The Vermilion Range ores, however, besides being very high grade, possess 
desirable physical properties, and bring almost the best prices in the market. Indeed, 
the output of these ores. is much below the demand, and new mines are being con- 
stantly sought for at great expense. Such a mine as the Chandler, with its large 
body of granular and uniformly high grade ore, is rarely known, and its ores bring a 


premium each year. 
ANALYSIS OF LAKE SuPERIOR IRON Ores, 1898. 


Gogebic rage. 


DRIED AT 212° FAHRENHEIT. 


Iron, 
ORE Natural | Moist. 
State 1 Tron | Silica | Phos, j Mang. taming Lime | Mag | suiph. [9851 
NGI 4 ae y bce ch tte Soehe bho secs 62.74 | 4.09 | .055 .82 . 92 47 11 O18 |....... 12.36 
Anvil, East vein*® ........ ietaatgeeds 61.00 | 5.25] .0568 | 2.18 86 05 | Trace| .014 |....... 12.75 
Ashland................. | 5o.44 | 63.19 | 3.96 | .036 25 | 2.21 2 15 015 | 3.00 12,27 
AtEDUIC Ac Gvceneren eed 55.63 | 62.89 | 4.29 | .047 .86 | 1.49 18 15 021 | 3.25 11.54 
AUProra...... 2. eee eee 55.35 | 61 34 | 6.72 | .028 .40 | 1,02 27 11 018 | 4.12 9.77 
Bést.52 vaArewiwnetasaeeuws | 00.34 | 58.00 | 10.25 | .0616 | .81 | 1.83 31 16 013 | 3.28 13.20 
Brotherton*............. 55.60 | 63.00 | 7.20 | .0385 AT 87 21 04 018 | 1.00 11.74 
Buckeye................. | 53.08 | 59 44 | 8.40] .071 .423 | 1.526 24 . 266 013 | 4.76 10.70 
Cary Empire............. | 52.99 | 58.21 | 3.22 | .059 | 4 50 80 27 .14 | None | 5.60 8.96 
Cary Manganese......... ree 56.08 |....... S006", I Ocoe: \ leo cat ot aiedy |e aatioe ltrs etree 10.06 
Colby No.1.............. | 51.58 | 56.70 | 3.20] .066 | 6.820 880 160 | .400 006 |; 2.200 9.02 
Colby No.2.............. 04,66 | 60.60 | 4.00; .080 | 2.25 | 1.10 17 47 008 | 2.15 9.80 
Cromwell*®... .........2.0[.cce ees 69.00 | 3.75 | .032 | 3.10 15 10 13 O10 }....... 9.58 
DAY o3iaealnn terete 06.80 | 63.58 | 3.11 |] .078 SOLO) A setae dis e ta a ealielg de aes eaten aa 10.67 
BUPO eB oicisise 2 hee awk Hinks vs lewd bed 61.65 | 6.75 | 066 140 95 52 22 Oll }....... 9.80 
PAPAS esate excuse 35.24 | 64.05 | 3.00 | .0728 SOTO iecige tales a wea huenaiegrd leds nics leat eanad 13.76 
GIODO 64 our Bins ck 39.20 | 62.02 | 3.93 | .095 21 | 1.70 .3D 15 010 | 3.25 11.00 
Iron Belt................ 53.74 | 00.75 | 8.09 | .041 40 | 1.21 11 18 024 | 3.09 11.54 
Lawrence................ 56.04 | 62.28 | 5.64 | .009 552 | 1.126] .11 135 006 | 3.86 | 10.02 
Melroge* ................ 50.39 | 62.00 | 4.92] .0380 | 1.11 81 07 10 018 | 3.90 10.66 
Montreal................ 60.56 | 66.00 | 2.31 | .040 71 23 09 007 | 1.90 8.24 
MIKA0Os..0:4 tri ie nes cna | Ree 99.15 /....... BORE, | Wit Borns lca eas | abe eco ars Gate ae wes eee wee ae 13.00 
Newport No.1........... 48.71 | 5405] 4.60 | .087 | 8.01 | 1.20 15 07 006 | 5.50 9.87 
Newport No. 2*.......... 45.00 | 50 00 |....... SUBS 6200 -hsccs achsue | oarsa ie oe hata eall ee Wao ae awaits 10.00 
New Era................. 50.80 | 57.00 | 12.15 | .026 | 1.26 | 1.05 -| .47 11 .005 | 3.59 10.87 
Norman (Palms)......... 53.94 | 62.00} 4.61 | .085 84 | 1.29 23 maby .014 | 3.67 13.00 
North Veip.............. 56.29 | 62.37 | 4.10] .046 540 | .890 620 | .090 004 | 2.240 9.75 
Norrie........... beeen ge 56.56 | 63.08 |....... .0388 DOSS scan asl esac ioe leeea Sure mada emeamoe 10.34 
OP BPICD sei okas in tease icee cs OOK PaO! Ole Wess ears nee tala les eesiee walle waiatg lie a ewe Sarbanes 13.85 
Pale 2 ccs coe ee cues 53.92 | 62.95 | 3.94 | .055 90 | 1.17 16 14 017 | 3.53 14.34 
POATCO¥ ii «koi: ne one end lawns oa 58.60 | 11.44 | .062 64 81 22 13 O14 |....... 7,60 
PenCO™ se3ce-ece cues ee el eke 65.20 | 5.50 | .019 24 .28 15 05 OTF Nxkeucnsce ted dG 
RANG 65.5 2d dia vec wiv ke 52.74 | 58.57 | 5.25 | .086 | 3.21 | 1.07 66 60 OTE Ne Sees 9.95 
Shores................... 08.87 | 64.28 | 3.30 | .029 30 fs) 18 11 004 | 1.12 8.42 
Sunday Lake............]....... 63.09 | 8.60] .027 39 .90 38 19 O10 j........1 10.54 
WildeNssé a. 2idece neue cewe ds 4.83 | 63.43 [...0... 5086. P0902 acces ct tate wenlcewecas Wee we etl ae unanls 13.56 
Toronto ..............06. 44.83 | 49.00 | 26.00 | .040 45 | 1.25 .40 25 KOU Tice suc 8.50 
WIDGSOE? 6 5 ekerdeee ss hose hace 64 00 |; 4.00 | .045 63 80 31 10 OOS i ecinwecbl eae eteee 
Average .............,..0005. 60.41 |....... Te GEMM: « Misses eat daa Rera Cel A tcp Zauralie san cel sepath lie fee ae ep Pha carig ana 
Menominee range. 

PARA Hochst ona pues 03.34 | 56.00 | 6.98 | .267 3 6©| 3.35 | 1.90 | 1.74 .014 | 4.90 4.75 
Appleton*.............../....05. 63.30 | 4.61 | .018 .27 | 1.30 52 47 BOLO va eae 8 50 
AFAROD 56 4iduna th oases 59.10 | 63.24 | 4.39 | .036 14 | 101 89 | 1.84 .007 | 1.28 6.54 
Badger.................. o4.21 | 59.73 | 4.18 | .146 -443 | 2.72 | 1.10 | 3.22 .075 | 2.70 9 24 
Bristol* wo. 0.455 e.ch fancas 52 08 | 56.00} 3.75, .80 1.25 ; 1.10 | 3.60 ; 1.50 00 aera 7.00 
Castile? , oi iscwrsaacs ven lead eaten 65.63 | 3.23 | .011 18 |} 1.19 WOOL esters .010 |....... 6.42 
Chapin®................. 57.39 | 61.60 | 4.96 | .065 32 | 1.15 61 | 2.20 .012 | 2.27 6 34 
07 U1 (0) ds Ean ae en 39 42 | 40 44 | 39.19 | .016 ll 85 ol .26 .002 70 2.51 
Columbia. .............. 03.40 | 60 00! 378 | .550 | .23 | 1.99 41 .80 .100 |....... 11.00 
Commonwealth*.........!....... 60.00 | 4.75 | .22 7 | 1.65 | 1.40 | 1 20 Be | ea eae 6.25 
Crystal Falls............ 53.62 | 58 60 | 4.45 | .795 .20 | 1.41 | 2.40 .93 008 | 2.140 8 50 
Davidson............... 51.37 | 56 39 | 6.25] .166 .395 | 3 12 | 1.50 | 3.49 114 | 3 90 8.90 
DUNG ect iiesaceess daees 52.66 | 58.00 |} 4 00] .582 .74 | 1.98 | 1.72 81 031 | 6.22 9 20 
Elmwood............... 53.14 | 58 16 | 5.69} .165 331 | 2.804 | 1.18 | 2.317 055 | 4.62 8.63 


* Expected an-tysis for 1399. All others are the average for 1898. 
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* Expected analysis for 1990. All others are the average for 1908. 
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a. DRIED AT 212° FAHRENHEIT. 
ORE N atu ral | Moist. 
State { Jron | Silica | Phos. | Mang. |Atamina| Lime ae Sulph. andar 
Peninsula ............... | edieasiee 59.00 | 7.38 wll 30 «| 3.48 .75 94 11) bf eee ee 14.64 
Platt®scccgs cee teneetekeliekanes oo ad (0 OT iris wg ein oan ete Gyre OA eek heli a he he he ae 8.75 
Princeton*............... 54.09 | 64.92 | 3.16 055 73 .159 | 1.12 .742 .001 | 1.20 16.68 
Prince of Wales*.........)....... 61.55 | 6.10 12 36 | 1.72 | 1.40 .46 O12 |....... 13.00 
het Linas, what a ines aud uaiaea ces 53.51 |) 61.40 | 5.5 150 294 | 2.623 45 .468 .010 | 2.90 12.85 
CONG head aa tts ee Gas 61.47 | 7.71 064 22. || 2.33 76 US Waites boll enmne aes 13.47 
Republic Special......... 66.78 | 67.07 | 2.80 018 | Trace| .71 10 .08 016 |....... 43 
Republic Specular....... 66.21 | 66.74 | 2.70 034 18 | 1.00 17 11 O11 .29 .19 
Republic Kingston*...... 63.46 | 64.00 | 6.13 034 23 ,82 31 . 209 .032 .045 84 
Republic Magnetic*.....|....... 69.00 | 2.05 040; .12 48 .o2 14 ASL ecacess 1.00 
Brite ginete neon asweee 54.40 | 61.40 | 6.40 120 .310 | 1,800 .420 .110 .008 | 3.220 | 11.40 
Richmond............... 43.05 | 43.60 | 36.20 034 .040 .640 | .490 .110 004 | 2.740 1,27 
Salisbury................ 53.48 } 62.50 1 4.44 117 31 | 1.77 .38 13 .013 | 4.13 14,43 
Salisbury Bessemer...... 54.12 | 63.60 | 3.43] .044 25 | 1.38 13 18 .O17 | 4.45 14.91 
Salisbury Silica.......... 42.99 | 49.60 | 23.28 | .060 33° | 1.75 18 . 20 021 | 3.11 13.33 
Savoy 2 hs saghowiss ewes 60.08 | 61.00} 9.11 097 32 | 1.97 45 .39 .020 | 1.07 1.50 
Sec. 16, No. 1 Bessemer...| 62.23 | 65.26 | 4.70 .022 18 | 1.59 .29 .22 .015 50 4 64 
Sec. 16, No. 2 Bessemer.. .{ 60.45 | 62.06 | 8.32 .032 18 ; 1.71 oA 24 015 .58 2.59 
Sec. 16, New Shaft*....../....... 64.50 |} 5.48 .035 27 | 1.49 27 18 O16 [....... 2.08 
Sec. 21, Hematite*....... 54.53 ) 61.50 | 6.15 147 46 | 1.29 .48 .20 .027 | 3.25 11.34 
Sheffield ................ 60.05 | 61.48 | 9.12 .024 24 | 1.82 13 .08 .024 .55 2.33 
Tilden Silica............. 41,07 | 41.90 | 38.30 .083 10 82 19 13 .018 .65 1.97 
Volunteer* ..............]. ane ee 57.79 | 12.46 .069 20 | 2.23 29 | 1.73 O19 Vecsedes 1.50 
Winthrop*...............[.......| 61.0 | 6.88 2135 71 | 1.34 44 38 OFT Vico tecs 11.37 
Average.............he eee eee 59.55 |....... OTS AN cts dase wat Weds hanctp ct ene arses al verted heute Brie ha neta es stl yervexeeectee 
Mesabi range. 

AGAINS © bowen ccesvetccet 57.91 | 64.03 } 2.92 032 .48 | 1.06 17 .18 .023 | 3.25 9.56 
Admiral................. 59.21 | 63.80 | 5.10 .027 .320 590 220 .142 .004 | 2.110 7.20 
Ainslie ..............08.. 58.23 | 63.46 | 3.29 .063 .41 | 2.38 21 12 .008 | 2.85 8.24 
Auburn ................; 58.45 | 64.65 | 3.05 .045 35 «| 1.78 53 .18 | Trace | 2.18 10.00 
AUGIO Visi donde tied: aed 55.68 | 63.10.| 3.45] .059 | .59 | 1.81 30 .27 | Trace | 3.32 11.75 
Beaver ............ 0.000% 56.29 | 63.39 | 2.20 .083 .22 | 1.938 24 17 .020 | 3.50 11.20 
Biwabic. ................ 58.52 | 63.47 | 3.75 ,039 .50 | 1.00 27 12 .004 | 3.35 7.80 
Canton i6cciasewn do 5ke 54.72 | 60.80 | 4.25 .048 .49 .93 71 .O7 | Trace | 7.31 10.00 
CINCIDNAUH i sick ass hha hes oad 61.08 | 8.00 031 mts) . 98 34 15 |) 9) renee 9.00 
Cincinnati Silica*........)....... 39.00 | 9 00 030 | .60 | 1.00 3 En eee SOIS ls eccseecucs 8.00 
CIDR XK ig  bi oi 5 ote eae eb i oaeeen 63.64 | 1.94 ,038 .8T 60 88 | Trace | Trace|....... 8.65 
CIOGUEL® ec ccs eubesaere eeleces 61.47 | 4.30 .046 oA | 1.45 35 .10 SOLD? bes 8 sens 17.37 
Commodore* ............ 58.14 | 64.10 | 3.90 .039 .20 | 1.21 24 .06 .004 | 3.40 9.30 
Duluth. ................. 54.11 | 60.94 | 5.10 .043 36) 0—6| «1.48 20 .16 .O11 | 5.46 11.20 
MCR ose hss eS a ei ewe eae ea 64.00 |} 3 50 ,045 50 | 1.85 35 15 .010 |....... 11.00 
WAV al oc035 Rulon de icklese 56.92 | 63.09 | 3.38 .031 91 | 1.09 30 .24 | Trace | 3.68 9.78 
Franklin® ...............}....0.0- 63.15 | 3.78 .035 ‘0 94 14 wAl 012 |....... 7.53 
ONORs Sawa ho cacme eee ee 57.18 | 63.49 4 0 . 030 48 84 40) .25 | Trace | 3.30 9.94 
FIBlC Pt ctr os a ewe sale ees 60.00 | 5.00 .100 55 22 | 1.58 J....... O16 |....... 9.00 
TRAP COY fou at canteens 58.21 | 64.94 | 2.50 .037 44} 1.55 45 17 .004 | 2.77 10.36 
Helimer* ii. «ack cceus eivelessetes 64.00 | 3.65 .051 48 | 1.80 15 .10 O15 |....... 11.15 
Hibbing................. 58.25 | 65.24 | 2.78 .028 441 | 1.068 08 .108 O11 | 2.34 10.71 
Juniata..............005. 51.50 | 58.88 | 5.89 .068 D8 Westmount eats aif ene alee wae Bete 12.54 
Linwood................- 57.19 | 63.44 | 3.90 049 .64 | 1.45 30 19 .006 | 2.60 9.85 
Mahoning...............J..--06> 64.92 | 2.55 | .049 |] .44 [1.79 | Trace | Trace |.......|....... 10.34 
Mangan*................{....05: 59.80 | 5.50 .034 .68 | 1,52 Be! ee! esas 2 ailcies sah 13.55 
McKinley * » cac.ccrc lev aeleeseted 62.30 | 8.36 ,026 Psi) .93 48 23 SOLON ii cccteness 8.75 
Minnewas*..............}...008. 65.50 | 2.23 046 .48 | 1.12 20 .18 .010 |....... 9.00 
Mountain................ 56.07 | 63.95 } 4.01 ,049 55 ae Pe Ce Re CNET Beam nen (ee Ua eeA 12.32 
NOFPDIAD § ois te eieeda cadel ce euek 61.98 | 3.84 067 .72 | 2.20 44 .16 004 }....... 10.40 
OV Or cided oa dees es 54.46 | 61.95 | 4.76 .060 MOA sidnde G sch BN ius tadatara teeth a te cane gle na 12 09 
Pillsbury................ 56.87 | 62.72 | 3.41 .023 72 | 1.09 09 13 .001 | 3.86 9,33 
Preble................... 52.87 | 58.91 | 5.34 SOTO: eee elle ehadeicee ta edad alec, Otitis, leant Meacellen Sea tige 10.25 
Penobscot............0.. 55.90 | 63.50 ) 4.07 032 47068-1121 19 .10 SOLE ede e 11.9€ 
Roberts*........... 0... fee ceees 60.00 | 11 ,022 ,06 .93 09 12 009 [....... 8.71 
DASON® 6 iors Sea ah serv ite la ce ewies 64.29 | 3.75 .039 256 -21 12 Od bedvivedloanvaeccs 8.00 
Sellers.................4- 58.23 | 64.39 | 3.49 .036 389) | «1.35 12 05 020 | 2.30 9 56 
Shenango*...............[....... 64.07 | 2.69 | .060 |] .30 | 1 62 20 16 .020 }....... 10.53 
Sparta................... 60.77 | 65.30 | 2.70 .029 31 14 45 23 | Trace | 2.35 6.94 
Top Brown.............. 58.14 | 68.45 | 3.29 .052 52 82 .50 16 004 | 3.94 8.36 
Valley Fic cece we cb eebal ines bes 61.03 | 5.66) .041 Ol. |aicws ale a dxepalishensacleaenvans eoweten 12.76 
NORE oe cedctle ed tates oaks 61.99 ; 5.40 .040 26 | 1.45 33 DB ole ceraualis scan Gott 11.57 
Vulean...... 0. ee ede cee eee 64.60 | 3.06 .037 50 . 80 5) 25 | Trace |....... 7.00 
Williams* ...............]....00. 60.40 | 9.20 .036 77 .95 .42 12 SOVT Awe es 9.70 
Average ............. ccc eae 62.55 [....... OBO Sos areca eh oak aiuto! lNarhosractn sy wea h Ge Are ace Beane (Raw a sl veces e% 


* Expected analysis for 1899. All others are the average for 1898. 
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[Iron ores. Mining. 
Vermilion range. 
teed DRIED AT 212° FAHRENHEIT. 
ORE ‘Natural |————$—_7 Moist, 
State Iron | Silica ! Phos. ' Mang. Alumina Lime ne 2 Sulph. nF 
Chandler................ 60.98 | 64.72| 4.02} .037] .11 '1.94 | .40 | 11 |Trace| 90 | 5% 
Long Lake............... 57.11 « 61.64 | 6.97 .042 17 =; 3.38 wot .17 | Trace} 1.38 1.35 
Minnesota............... 66.67 | 67.37 | 2.50; .055] .11 | 69 ol 1 00 | .2 | 10 
PUlOb sc esos ata ound 50.06 | 60.10; 8.95, .044 |) .25 | 2.95 21 .09 024 | 1.34 8.38 
PIONCOL v9.59! Shae itso kes 09.80 | 64.48 | 4.33; .0387 | .202 | 2.123; .10 .072 | None | 1.24 7.28 
Red Lake............... 61.66 | 63.32 | 4.58 | .123| .14 | 1.70 AT 48 007: «7 | 8 
SOUGAD 6 sia. Aceweeawen 2008 co 65.94; 3.79; .10 .09 96 80 55 002 |....... 1.4 
Vermilion ............... rere 66 72} 2.19 | .137 | .09 .90 56 25 .010 ....... | 12 
7) 1 8 | een ee 65.03 | 3.82; .051 16 | 1.88 47 | ..15 OY as sacessraes 5.4 
Average............. areas 64.36 }....... .069 |. eae Peto (ah oeeay | anne ane te 
Comparative analyses of lake Superior and some foreign ores. 
Messrs. Jeremiah and A. P. Head. 
ORE Iron Silica | Phos. : Mang. Alumina Lime Mag Sulph. aod ob Moist, 
Lake Superior. 
Marquette, average.............. 59.44 | 9.72) .068 | .403 | 1.76 43 39 .023 | 2.10 7.01 
Menomonee, average............. 58.50 | 8.61 144 | .297 | 1.74 | 1.07 } 1.68 .047 | 2.57 6.98 
Gogebic, average................. 60.60 | 6.79 048 | 1 720 , 1.13 21 14 | .014; 2.36 | 10.6 
Vermilion, average............... 64.73 | 4.52 068 | .210 1.60 00 20 | .004 | .55 | 4.533 
Mesabi, average ................. 62.64 | 4.33 047 | .550 | 1.28 30 15 010 | 3.46 | 10.13 
Spanish. | | | | 
Rubio (good),.................... 56.50 | 7.50 013 | .713 : 1.22 31 10 1s i eee 11.0 
Campanile (good)................ | 54.90} 5.48] .009/ 1,010 | 1.13 | 3.55 | .18 | .03 |....... 11.00 
British. | | 
Cumberland and Lanc. Hem......! 57.60 | 10.52 | .018 | .324 | 3.06 |....... 18 OL eens 8 0 
Forest of Dean Hematites........) 59.15 | 2.52 | .022; .070! .72 | 1.18 65 OO cess 8.90 
Swedish. . 
Gellivara, grade A............... 69.51 | 1.90; .010 | .072 | .25 .202 68 038 |....... 14 
Gellivara, grade D............... | 65.00 |} 2.05} 1.353 | .108 | .u9 | 3.688 92 088 |....... lf 
Grangesberg..... ............... | 63 95 | 0.76 | .760 ].......)....... eee eee poets 500: \eaudiee: irae 
Indian. | | | 
Kanjamalai...................... 66.34 | 3.88 | .043 | nil | 1.48 nil | nil fy > ae Pe EE 


METHODS OF EXPLOITATION. 


Mining. The different conditions obtaining at our different iron mines have 
given rise to varying methods of operation. Improvements and economies have been 
constantly introduced in consequence of competition among producers and cheapened 
prices for ore, until, at present, the mining cost is much below what it has ever been, 
and many mines are today making records that afew years ago would have been 
deemed impossible. Thus, a few years ago (1890), the average cost of mining lake 
Superior iron ore was not far from $1.25 per ton. At present it cannot be much more 
than half that. | 

The mining methods which are in vogue on all but the Mesabi range are thos 
which are necessary for underground mines; while on the latter range some of the 
largest mines are worked open to daylight (plate AAA, figure 2), 

Owing to the irregular shape of the ore-bodies, no two mines are planned and 
worked exactly alike. It is customary, however, to sink one or more shafts in the 
foot-wall and connect them with the ore by cross-cuts at different levels, The amount 
of ore hoisted through one shaft depends, of course, on the depth of the mine, size of 
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Fic. 1. STEAM SHOVEL AT MOUNTAIN IRON MINE. (p. 595.) 
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the shaft, size of the skips or cages, etc.; but italso varies much with the general plan 
of development and operation of the mine, and runs as high as 60,000 tons per 
month. The shafts have from one to four compartments, and are equipped with 
round iron wire hoisting cables, and with cages or skips of from three to ten tons 
capacity. | 

Much pumping is necessary at some of the mines and at others none at all. 

Timbering varies in quantity and cost with the size and shape of the ore body 
and the methods of exploitation adopted. This item of cost, as well as that of powder 
for blasting, varies from nothing at some of the Mesabi mines to several cents per 
~ ton on the Vermilion range. | 

Tramming is done by hand and by mules, electricity not yet having been intro- 
duced in Minnesota mines. Hoisting and pumping are performed by steam and com- 
‘pressed air. 

In an address read before the Engineer’s Society of Western Pennsylvania, at 
Pittsburg, February 21, 1899, Dr. Nelson P. Hulst described in detail “Lake Superior 
methods of iron mining.” From his interesting paper the following extracts 
are taken: 

At Soudan. “The method of mining hard ore at the Soudan mine, on the Ver- 
milion range, has been well worked out. I am indebted for the description here 
given, and for the drawings, to a paper by D. H. Bacon, the president and manager 
of the Minnesota Iron company. This was published in vol. xxi of the Transactions 
of the American Institute of Mining Engineers. The Soudan ore bodies have some- 
times had a width ef eighty feet and varying lengths of several hundred feet. They 
lie as lenticular masses enclosed between locally-called greenstone rocks constituting 
the walls. They dip at asteepangle. Often they are friable and quite frequently 
treacherous. In the early mining the ore was quarried from open pits to the depth 
of 100 feet or more. For greater depth it became necessary to resort to underground 
mining. Shafts are located in the foot wall, as shown in figure 111. At intervals of 
seventy-five feet, cross-cuts are driven into and across the ore body, as shown on this 
figure. From each of these cross-cuts a chamber is mined out, twenty feet high, in 
the ore. These chambers to the several cross-cuts are shown in elevation in figure 
111, and in plan in figure 112. Their longitudinal elevation is also shown in figure 
114. The chamber of a level is made to extend on either side of the cross-cut as far 
as the character of the walls of greenstone or chloritic rock will permit. From the 
mouth of the cross-cut, where it opens into an excavated chamber, the timber work 
for a cross-cut is extended well into the excavated chamber. This timber work is 
well shown in elevation in figure 111,and in plan in figure 112. The timber work 
for longitudinal drifts is erected in these excavated chambers. As shown in plan in 
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[At Soudan. 


figure 112 they extend from the timbered cross-cuts right and left. The timber 
work of raises is also erected alongside of the drift timbering just described. These 
are seen in plan in figure 112, and in elevation on seventh level in figure 111. 
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FIG. 112. PLAN OF THE FIFTH LEVEL AT NO. 8 SHAFT, SOUDAN. 


“The timbered raises extend two to five feet above the timber work of the drifts 
they are connected with. Other timbered raises are erected for ladder ways. Still 
other raises are made to connect with the mine workings. These raises are in the 
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wall rocks, either foot or hanging, according to requirements. These raises in the 
wall rocks are used for rock chutes. Through them rock from the open pit, near the 
surface, is brought down to any level required. These rock chutes are seen in plan 
in figure 118, and in elevation in figure 112. After the timber work of cross-cuts, 
drifts and raises in an excavated chamber has been completed, then rock from the 
open pit above is run down through the rock chutes and filled around and over the 
timber work just mentioned, covering the drifts and cross-cuts to the depth of three 
or four feet. The excavated chamber is further extended right and left by stoping 
away twenty feet of ore above the level from wall to wall. The timber work of drifts 
is extended. The necessary timber work of raises for the lengthened drifts is com- 
pleted. Stoping upward, 7. e., back stoping, is begun above the filling by blasting 


FIG. 113. ELEVATION SHOWING ROCK CHUTES. 


down ten feet or more of ore from above and from wall. to wall and as far as 
the filling over the timbering extends. This is shown in the longitudinal section in 
figure 114. The ore broken down on the filling is passed down to tram cars on the 
level below by the chutes described. After all this broken ore has been removed 
through the chutes, the chutes are built up to a proper hight and filling of rock is 
repeated as before. The stoping on the level is also repeated and timber work of 
drifts and raises erected in the extended chamber. Stoping, removing broken ore 
through the chutes, timbering and rock filling succeed one another until the level is 
nearly exhausted of ore. A roof of ore is of necessity left to support the rock filling | 
of the level above. In the upper levels this roof of ore was successfully removed by 
back-stoping during winter, after the filling had become thoroughly frozen. At 
lower levels, where the frost could not well penetrate, this winter removal of ore could 
not be made. The roof was there left thick enough for drifts to be driven in it. It 
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was first caved down on the filling of the level below and then won by drifting and 
cross-cutting, which was not difficult in the broken ore.” 
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FIG. 114. LONGITUDINAL SECTION. 


“At the Chandler mine, on the Vermilion range, a large product is annually 
obtained by a method of caving not largely differing from the others described. 
This mine being so prominent a producer and its ore a brecciated hard ore, makes it 
seem desirable that the method of mining by which its ore is won be accorded a 
description. The following description of the method used has been kindly furnished 
me by Mr. John Pengilly, the manager of the Chandler Iron Company: 

“*The old system of mining has been abandoned from the eighth level down. 
Above the eighth level we opened the mine with seventy-five feet levels, with four 
intermediate or sub-levels between the main levels. The ore is dumped down the 
raises, converted into chutes, to the main level, where it is trammed direct to the 
shafts. The first sub-level above the main level is not opened until we are ready to 
cave, and in some instances is not opened then, if the ground shows an unusual 
amount of weight. To avoid a large opening, our experience so far has taught us to 
keep our caves as full as possible at all times, and to draw the capping as soon as 
possible after the ore. If the capping hangs, and does not come at once, there have 
been times when we have withdrawn our men for safety, until such time as the 
capping does come. This occurs only at the extreme east of the property, where we 
have always had the capping to contend with. 

“‘Our eighth level and above was originally opened, leaving large pillars. Raises 
for chutes were put up about every fifty feet to shorten the wheeling distance of the 
ore into them. It had also been found necessary to put up raises for ladder-ways to 
the sub-levels, so that in case of accident we can at all times withdraw our meu. 
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The ladder-ways are not put up by any rule, but as occasion requires. The main 
levels are opened with a nine-foot cap and seven-foot posts, giving in a level seven 
feet by seven feet in the clear. Our sub-levels are opened with six-foot timber, 
tunnel-shape. Three pieces constitute aset. Our raises are mostly three feet square 
inthe clear. This size we consider easier to maintain from crushing, and at the same 
time it can be guarded to better advantage than a large chute or raise. 

‘“““When caving we run into or slice a pillar, and put up convenient raises or 
chutes for milling down the ore. Usually we commence to cave on the south and 
east of the deposit, working the caving back in a northeasterly direction, passing or 
caving such chutes or ladder-ways as we come in contact with. Our ladder-ways are 
put up on an angle of 65° to 75°. In caving, although we are governed in cases by 
circumstances and the character of the ore, we always commence at the loose end 
and draw at all times to the foot wall or dike. Timber for sub-levels is thrown down — 
raises from the main level above and distributed from those points. Our tramming 
is done principally with mules to the main shafts. At the shafts are stationed a 
cage tender and an assistant to take the cars off and on the cage. In the station we 
have a system of tracks for loads and empties giving ample room to hold a full train 
of two or three cars as brought in by the mule, which returns with as many empties. 
This work is done with a boy and a mule. 

“*We have also found it to our advantage to keep our tracks well graded and well 
drained by ditches cut at the sides of the drifts. Phirty pound rails are used for 
tracks. This part of our business we consider very important, as it avoids delays 
and accidents. The mule distributes empties to the several switches where chutes 
are being used in the sub-level. These empties are filled by the trammers at the 
chutes, caves or drifts, and then replaced on their switches, whence the mule hauls 
them to the shaft. In this way weavoid tiring our men by walking or pushing cars 
for any considerable distance. We try to cut down our grade as near as possible to 
one foot to 100 feet where tramming is done. Six inches to 100 feet is sufficient 
grade and will be established by us in the future. 

“‘Qur hoisting is done on the vertical by cage and on the incline by skips; by 
high pressure engines and without balance. We have at times three to four levels 
to hoist from. Mules handle our ore on the surface. The ore on reaching the sur- 
face dumps automatically from the skip into a car to which a mule ts attached, or if 
a cage the mule is hitched directly to the mine car. These cars are trammed or 
hauled to the stock pile. Empty cars, in both cases, follow the full ones into the 
places they formerly occupied. This is done by means of a system of tracks running 
through and beyond the shaft house, doing away with the turn table and the transfer 
car or truck. A load for a mule on the stock pile is two to three two-ton cars. In 
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(Milling system on the Mesabi range 
the mine we endeavor to concentrate our men; working them in a certain section 
aud giving a foreman charge of each gang of men, to see that they do a fair day’s 
work, and at the same time to protect them from danger. There are not more than 
ten per cent of our men who speak the English language, and not more than the 
above number who have the remotest idea of mining. We do not allow any fore- 
man to have charge of more than twenty-five men. 

““All ore mined on the seventh level, as above, is dumped down the old No. 
4 shaft, which is used for that purpose as a pocket. It is taken out on the eighth 
level and trammed to No.5 shaft, 300 feet distant tothe north. All ore belowthe eighth 
level is also dumped down No. 4 shaft or pocket to the thirteenth level, 110 feet below 
the eighth level, and taken to No. 5shaft and hoisted. No.4 pocket has three compart- 
ments, for first and second grade ore and for rock. Our No. 2 and No. 8 shafts hoist 
from the seventh and eighth levels and will eventually hoist from the thirteenth. 

“ «Below the eighth level we open what is termed in this mine “ main sub-levels,” 
twenty-two feet from bottom to bottom. These levels are known as the ninth, 
tenth, eleventh and twelfth main sub-levels. The drifts are opened directly under 
the main eighth level drifts. The thirteenth level is opened somewhat differently, 
owing to the pith of the ore body. In opening up our main tramming level, we 
have rock drifts of considerable length from the ore body to each shaft. 

“<To No. 5 shaft, 310 feet; to No. 3 shaft, 250 feet; to No. 2 shaft, 265 feet. 
These rock drifts are usually timbered and will measure at least ten feet in clear, 
or inside the timber. In mining our ore, we encounter much rock and clay in the 
form of. horses, seams and bunches. This necessitates careful mining and much rock 
picking to keep the ore up to grade. On a basis of 600,000 tons of ore mined, we 
hoist about 18,000 tons of rock, two-thirds of which actually comes from the ore 
body and one-third from the rock drifts, shafts, raises, etc. 

“<« Milling system on the Mesabi range. There has been introduced in the Mesabi 
range a method of mining called the “milling system.” Many of the Mesabi ore 
bodies lie at no great depth from the surface, and a very flat dip is character- 
istic ofall of them. When the depth of the overburden of sand and gravel is not 
great, and the conditions do not warrant the removal of the ore by steam shovels, 
the so-called milling system is very successfully used. This method involves at the 
first an entire removal of the overburden of sand and gravel, leaving the uncovered 
surface of ore very clean. A shaft or shafts are sunk in the adjoining rock, and 
-cross-cuts and drifts in the ore are driven, which connect with the shafts. Up-raises 
are made at numerous points from the cross-cuts and drifts. These are properly ; 
timbered to serve for ore chutes, with the necessary spouts for loading the ore there- 
from into tram cars on the levels or cross-cuts. When the preparations for mining ore 
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are completed, the ore about the up-raises is blasted into them. Itis drawn from 
them into the cars stationed in the levels as rapidly as the facilities for handling the 
ore to the surface permit. The ore being very soft, up-raises are made at slight 
expense. The raises, closely spaced in the ore body, enable the winning of ore to be 
accomplished at a minimum of expense. It is evident that there is no lifting of the 
ore whatever by manual labor. In the blasting, much ore is tumbled directly 
into the chutes, and the unskilled laborers drag or push the ore down the slopes and 
into the chutes by their shovels with a minimum of effort. By this method of 
mining, the product of ore per day per man is very great. The waste of ore in this 
method of mining is practically nothing. 

“A large tonnage of the Mesabi ores 1s annually produced by steam-shovel min- 
ing. About fifty per cent of the Mesabi range product in 1898 was thus produced. 
This method of mining requires that the overburden of gravel and sand be removed 
so as to leave the uncovered surface of the ore body practically clean. <A bank or 
bench of ore twenty feet high is found generally most advantageous. A higher bench 
will often give trouble by caving on the steam shovel at the time of blasting. Although 
the Mesabi ores are soft, yet, as they lie undisturbed in the bed, they are too coherent 
to be shoveled without being blasted. In some of the mines there are hard strata, 
against which a steam shovel is not economically effective. The holes for blasting 
the ore are drilled by hand. Drawing the drills consumes much time. They are 
usually fifteen to sixteen feet apart and nine feet from the edge of the bench. They 
are driven fifteen feet deep. Steel drills one and one-eighth inches in diameter are 
used. Men drill three holes per day at the Monntain Iron mine. For cracking the 
holes at the bottom to make a cavity for a charge of black powder, three one-pound 
sticks of forty per cent giant powder are used. Steam shovel mining, to be economical, 
requires that there be no delays in the work. Large tonnage is possible when condi- 
tions areall favorable. Two hundred and thirty-two cars, containing 5,825[gross] tons, 
have been loaded at the Mountain [ron mine in nineand a quarter hours by a ninety- 
ton Vulcan shovel. The best record for one hour has been thirty-two cars, or 800 tons’” 
(plate AAA, figures 1 and 2). | 

Crushing. The hard hematite ore of the mines at Soudan comes out of the 
ground in masses too large to be handled easily in shipping or charging at the fur- 
naces. Formerly the large blocks were broken by hand, and a man with a twenty- 
pound sledge hammer would pound for hours, exerting his whole force, before redu- 
cing a particularly hard and tough lump to convenient size. 

The installation of large crushers has greatly reduced the labor and expense of 
’ breaking this ore into small lumps. The following description of these crushers is 
taken from a paper by F. W. Denton:* 


* Trans. Am. Inst. Min. Eng., xxvii, p. 350, 1897. 
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DATA CONCERNING CRUSHERS. 


“There are two crusher plants, of identical size and arrangements. Each plant 
contains three twenty-eight by thirty inch crushers of the Blake pattern. 


Throw of eccentric, 


; : : - 2 inches 
Movement of bottom of jaw, - - . - - - . - - 114 inches 
Weight of pitman, - : - - . - - - - 3 tons 
Weight of jaw, . - - - - - - ‘ _ - -  T tons 
Weight of crusher, - - - - - - - - - - 65 to 70 tons 


Speed of crusher, - - 8.5 resolutions per minute 


‘Each plant is driven by a Reynolds-Corliss engine and rope-drive as follows: 


Cylinder, - - . - - 14 inch diam. by 36 inch stroke 
Speed, - . - - 90 revolutions per minute 
Initial steam pressure, - - - - - - - 95 pounds 
Diam. of fly-wheel, _ - - - - - - - - 10 feet 
Weight of fly-wheel, 8 and 10 tons 
Distance between centres of engine- phate and counter- shaft for rope- aie e, . 75 feet 
Diam. of manillaropes, — - - - : - : - . 1! inches 
Number of ropes, : : : - : : : - : 6 


Number usually in use, : : , r 


“In a communication to the Lake Superior Mining Institute the cost of crushing 
is given as follows: + 

“During three months ending January 1, last (1896), 110,477 tons of ore passed 
through the crushers, costing for supplies $5,025, or 4.54 cents per ton, and, grouping 
the other accounts, $3,718.47, or 3.36 cents per ton; total, $5,743.47, or 7.9 cents per 
‘ton. We have no means of determining what percentage of the ore needs to be 
crushed, but assuming it to be sixty per cent, the cost was 13.19 cents per ton.’” 

The ore handled in these crushers is so hard and tough that only specially bard 
manganese steel is able to stand the wear. This is so hard that no tool is equal to » 
the task of dressing or in any way making an impression upon it. 

Transportation, Three railroads are now in operation between the iron mines 
aud the docks on lake Superior. They are all standard gauge and equipped with 
first-class rolling stock. The first to be constructed and the easternmost of these 
roads is the Duluth and Iron Range, It belongs to the Federal Steel company which 
now controls the Minnesota Jron company and carries about half the ore shipped 
from Minnesota mines. It runs to Tower and Ely on the Vermilion range, and 1s 
extended to the mines of the Mesabi range as far west as Virginia. Its docks are at 
Two Harbors, twenty-three miles east of Duluth. 

The Duluth, Mesabi and Northern railroad has docks at West Duluth. This 
road is owned by the Lake Superior Consolidated Lron Mining company, and serves 
Mesabi Range mines alone. 

The Eastern Minnesota railway has also a line running to the western end of 
the Mesabi range, and is now constructing an extension from Hibbing to Virgina. 


———- 


+ Proceedings, iii, 1896. 


| 
| 
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It is understood that this line has concluded traffic arrangements with the American 
Steel and Wire company, and will haul the ore from its mines as well as that from 
the Mahoning mine. 

The map appended will show the position of the different iron ore railroads of 
the lake Superior region (plate CCC). 

The iron ore from the different lake Superior mines is carried by rail and water 
to ports on lakes Michigan and Erie, chiefly the latter, and there unloaded into rail- 
road cars for further transport to the furnaces in Ohio and Pennsylvania, or piled up 
on receiving docks and stored until sold during the winter or early spring. None of 
this ore is at present smelted in Minnesota, and but a nominal amount in Wisconsin 
and Michigan, owing to the entire absence of deposits of suitable coal. Charcoal 
iron to the amount of about 200,000 tons per annum represents the total pig iron 
product of states which annually produce 10,000,000 gross tons of iron ore. 

The distances traversed and the railroad rates charged per gross ton (2,240 


pounds) from mines to upper lake ports are as follows: 


From Marquettg range east of Republic and ean to Escanaba, distance not over oe 
sixty-five miles, - - - - - $0.52 
From Marquette range at Republic aud ‘Mistieatie to eaeanius: ee co — miles, 0.67 
From Maryuette range to Marquette, fifteen miles - - - - - 0.32 
From Marquette range to Gladstone, 60 to 130 miles, - - - - 0.52 
From Menominee range east of Mastodon to Escanaba, maximum distance fifty. two miles. 0.40 
From Menominee range west of Mastodon (Crystal Falls), distance eighty-two miles, — - 0.43 
From Gogebic range to Ashland, distance about forty-five miles, - - - 0.40 
From Gogebic range to Escanaba, distance about 184 miles - - - - 0.85 
From Vermilion range to Two Harbors, distance sixty-eight to ninety miles, - - 1.00 
From Mesabi range to Duluth and Superior, about seventy-five miles, - - - 0.80 


The sailing distances and average ton rates for ten years (1886 to 1895) are as 


follows: 
Miles. Contract Rate. Wild Rate. 
Marwquette to Cleveland, - - - - - 083 $1.09 $1.12 
Escanaba to Cleveland, : . . - : - 523 0.91 0.915 
Duluth to Cleveland, — - - - - 823 1.19 1.30 
Ashland to Cleveland, - : d = - - %4 1.19 1.30 
Escanaba to Chicago, - - - - . - 192 


The average contract rates for the seasons of 1895 and 1896 were: 


1895. 1896. 
Escanaba to lake Erie ports, - - - - - - - , $0.55 80.70 
Marquette to lake Erie ports, - - . - - - 0.75 0.95 
Ashland and Duluth to lake Erie ports, - - - - - 0.80 1,05 


From this statement it may be seen that there has been a great reduction in 
vessel charges in recent years. In spite of this fact, however, the cost of transporta- 
tion is to-day a larger part of the cost of the ore in Cleveland than it has ever been. 

This freight and a great deal more all passes through the canal and locks at 
Sault Ste. Marie, one of the busiest spots on the globe during the season of navigation. 
During the year 1895 the tonnage passed through the Manchester ship canal was but 
one-tenth of that which passed through the “Soo.” During the year 1895, naviga- 
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tion was open from April 25 to December 11, and in this time 17,956 vessels passed 
these locks, the registered tonnage of which aggregated 16,806,781 tons, and the 
value of whose freight was $159,575,129, There are at present 3,300 vessels (1,755 
steam) on the great lakes, with a total registered tonage of 1,250,000 tons’ Many of 
these vessels are of 4,000 tons burden, and exceed 400 feet in length. The loads 
which they carry vary from 4,000 or 4,400 gross tons on a draught of fourteen or fifteen 
feet to 6,000 tons on a twenty feet draught. 

The speed with which these vessels are loaded and unloaded is one of the 
marvels of the day. The record of the steamer “ Victory” may be mentioned in 
this connection.* It is a vessel 400 feet long and of forty-eight feet beam, witha 
carrying capacity on fifteen feet draught of 4,000 tons. It was loaded with coal at 
lake Erie port in ten hours. At Superior this coal was discharged in fifteen hours, 
and a new cargo of iron ore taken on in five hours, at the rate of 800 tons per hour. 
Arrived at a lower lake port this ore was unloaded onto cars at the rate of 560 tons 
per hour. (Compare plate BBB, figure 2.) | 

On lakes Superior and Michigan there are to-day twenty shipping docks: four 
at Escanaba, three at Ashland, five at Two Harbors, two at Duluth, four at Marquette, 
one at Superior and one at Gladstone, with 4,529 pockets of an aggregate capacity of 
672,966 gross tons. When the pockets of the loading docks are filled with the ore 
desired, it is not an uncommon occurrence for a vessel to tie up, load and depart 
within two hours. One record has been made of 2,350 tons of ore loaded in three- 
quarters of an hour. The capacity of ore-carrying vessels has recently been largely 
increased, as is related in the following extract from the Bulletin of the American 
Iron and Steel Association: t 


Never before in the history of American shipbuilding has such work been seen as has been done in the 
construction of the Bessemer Steamship company’s fleet of lake-freight ships. About the close of the first week 
in December last the company was formed, and its Cleveland agents made contracts with lake ship-yards, all 
then fairly full of work, for the building of twelve great ships, each to be larger than anything on the lakes, with 
the exception of one steamer afloat and two under contract for the Zenith Transportation company of this city. 
The end of this week sees seven of these ships in commission, while one more will be set at work about Septem- 
ber 20th, and the remaining four will be ready in October. In addition four ships have been purchased and the 
fleet as it will be before the close of the coming month—less than ten months after the decision to build was 
made—will have a capacity for carrying the enormous quantity of 65,000 tons on present and 95,000 tons on the ' 
coming deeper draught. These ships have cost about 83,400,000. 

The Bessemer Steamship company was the outgrowth of the control by Mr. John D. Rockefeller of the 
mines formerly under the Merritt ownership on the Mesabi range and of the railway between those mines and 
Duluth. Mr. Rockefeller reasoned that, owning both the mines and the railway to the water, he should control 
as well the transportation of the ore to the lower lakes. To decide was to act, and one of the most important 
fleets in American waters, salt or fresh, was completed in less than a year. It was proposed that this fleet should 
be able to handle the output of the mines, and as planned they will be able to carry about 2,000,000 tons in one 
season. 

The contracts for the Bessemer fleet filled all the lake yards with tonnage till about the middle of the 
spring, when the boats began to slip into the water. Since then, there have been no contracts made, and with 
the completion of the last of these ships nine great shipyards along the lakes will be idle, with no business ip 
sight. This is a condition that has not prevailed for many years, for even in the panic of 1893 there was business 
for some of the yards. Many thousands of men will then be out of work. 


*Mr. JOHN BIRKINBINE. Cassier's Magazine, April, 1807, p. 494. 
+ October 1, 1896. 
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The vessels of the Bessemer fleet have been appropriately named for men famous for their connection 
with the mining, engineering, and metallurgical world. The flagship of the fleet is the “Sir Henry Bessemer,” 
while among the others are such names as “ Nasmyth,” from the inventor of the steam hammer; “ Ericsson,” 
from the builder of the “ Monitor”; “Corliss,” the maker of engines; “ Krupp,” “Fulton,” “Watts,” “Siemens,” 
* Bell,” “ Fairbairn,” and “ Holley.” Amid al] the development of the lake marine and steel interests in the last 
few years it has strangely enough remained for this new company to honour the memories of the greatest men 
these industries have had by naming ships for them. The “ Bessemer,” “Siemens,” “Fairbairn,” and “ Ericsson,” 
and the barge “ Holley,” are now in commission, and each one has carried loads enough to test its capacity. They 
were all built on a guarantee by the constructors of a capacity, on fourteen feet draught, of 4,000 gross, or 4,480 
net, tons. Each has slightly exceeded these figures. Were these vessels operated on the draught of water for 
which they were built they would be able to carry between 6,500 and 7,000 tons each, and they will be able to 
use neacly this depth of water by the beginning of another season, when the government's twenty-one feet chan- 
nel between Duluth, Chicago and Buffalo will have been completed. 


The cost of unloading ore from the vessels has been much reduced in late years 
by the construction of unloading devices which take the ore after it 1s loaded into 
buckets and automatically carry it to the stockpile, dump it and return it for a new 
load. This cost is now but one or one and a half cents per ton. 

The railroad equipment of the ore-carrying roads compares in size and efficiency 
with that employed in marine traffic. The roads are standard gauge, the rails are 
heavy and of large section, weighing eighty or ninety pounds to the lineal yard; the 
locomotives are among the most powerful ever built, weighing from 80 to 120 tons, 
and hauling trains of from thirty to fifty cars, carrying 750 to 1,250 gross tons of ore 
at an average speed of seventeen miles per hour, including stops. Some of the roads 
are double-tracked and others will be soon. 

The amount of capital invested in Jake Superior iron mining has been estimated 
as follows by Mr. George H. Ely and the Lake Carriers’ Association of Cleveland, 
Ohio. These data were compiled as largely as possible from official sources and 
were presented in a statement to congress: 


Capital in the mines of the four iron-ore ranges, as shown a United States census and 


estimates since last census was taken, - - - - $96,325,122 
Capital in docks and their equipment at lake Superior aid lake Michigan noble built 
and used exclusively for shipping ore (official), —- - - - - - 14,185,665 
Capital employed exclusively in railroad transportation of ore, from mines to shipping 
ports on lakes Superior and Michigan (official), - - - - - - 32,364,594 
Floating capital on the lakes, employed ne in ore transportation from Upper lake 
to Lower lake ports, estimated, — - - - - 46,680,207 
Capital in docks and in their equipments for receiving and ‘chwardine ore seal uaively: at 
lake Erie ports between Toledo and Buffalo, inclusive of both (official) — - - - 15,492,880 
Capital employed exclusively in rail transportation of ore, inland to mills and furnaces 
from Jake Erie ports (official), : z : - - - - 28,193,617 
Total, January 1, 1896, - - - - - - - - €233,242,085 


The amount invested during the year which has passed since the preparation 
of the above table has witnessed the construction of the large fleet of vessels owned 
by Mr. Rockefeller, the new iron ore railroad in Pennsylvania, owned by the Carnegie 
company, the railroad between Ishpeming and Marquette, and improvements and 
extensions of docks and railroad and mine equipments in all directions, so that it is 
probably not an exaggerated estimate to place the amount of capital invested in 
lake Superior iron mining at $250,000,000. 
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MARKET PRICES OF IRON ORES. 


One after another of the great lake Superior iron ore ranges has been discovered 
and developed, and as methods of mining and handling the ore have improved in 
efficiency and detail, prices have reached lower and lower levels; the margin between 
cost of production and selling price has constantly narrowed, and earnings have 
been made on larger outputs and greater economy of operation. The discovery of 
the immense Mesabi deposits of soft ore so much more cheaply mined than the 
hard ores has, however, had a much greater effect on prices of iron ore and of iron 
and steel than any of the former discoveries. When prices were high and less ore 
was used very little account was taken of its exact composition and value. Ifa 
furnace ran well on a certain ore, the managers of that plant would purchase that 
ore year after year, even though they could get some other ore equally as good ata 
somewhat lower price. Ascompetition among ore producers became fiercer, however, 
and furnace operators found it necessary to economize in their costs, the relative 
values of the different ores have been more and more closely scrutinized and made 
the basis of market prices until they have reached the point where quotations are in 
fractions of one cent per ton, and the older ranges have all combined against the 
prolific Mesabi range, forcing prices down to so low a rate that very few producers 
on any of the ranges can make any profits. | 

The prices have ranged somewhat as follows in former years: 


Bessemer ore. 


Year. Price. 
1856 : : - : : . - - - - 8 8.0 
1866 - roe 9.50 
1868 : : : : , : : - : - - 9.7 
1873 - ; - - - 12.00 
1876 - - 6.15 
1881 oo 9.00 
1886 - 5.50 
1887 - - - - - 12 
1888 ; - 520 
1889 - - - 50 
1890 ; : : : : ‘ : : : : 6.75 
1891 - - . - 6.00 
We 6 = & © 4 » » &# 4° &@ & & «Sa 
1893 - : : : : . ; é : : ee 4.00 to 4.00 
1804 : : : : é : é : : : . 2.50 to 2.75 
1805 : : : : : : : 2 : . : 2.75 to 3.50 
Non- Bessemer ore. 
1890 : : : ‘ . : : é : : . . 0.15 
1891 - 4.79 
1892 - - - 4.25 
1893 - : , . : : ; : : : : 2 3.00 to 3.00 
1894 : : : : : : : : : : 1.80 to 2.20 
1805 - : : : : : : . : : : : 1.90 to 2.20 


These prices are for the ore delivered at Cleveland or any designated lower lake 
port. The ore is sold on guarantee as to quality, and is sampled and analyzed at the 
mines and at the receiving docks. A few illustrations of the way prices have ruled 
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Vernilion Range mines. ] 


on some representative ores during the past three years, including the prices estab- 
lished for 1897, are as follows: 


Ore. 1895. 1896. 1897. 1898. 
Aurora, - : - - : $3.00 $4.15 $2.80 $2.95 
Biwabik, - - . - - 2.65 3.65 2.50 pains 
Chandler, - ° . - - : 3.05 4.25 2.925 3.13 
Chapin, - 5 : - - 2.55 3.65 2.40 2.56 
Fayal, - 4 : < : 2.25 ee 2.40 ee 
Franklin, - : 2 e 2 2.75 3.75 2.55 - nae 
Lake Angeline, : : : - 3.09 4.90 3.46 3.64 
Minnesota, : : : - 3.40 4.55 3.11 3.36 
Non-Bessemer,- - - - - has 2.60 2.25 soa 
Norrie, - - _ - - 2.90 4.00 2.65 2.84 
Pewabie, : 2 : : ‘ 3.5) 4.90 3.40 ee 
Pioneer, - 3 : : : 3.05 4.25 2.87 3.03 
Republic, : - : : : 3.30 4.55 3.17 3.35 
Tilden, - - : : 7 2.90 4.00 2.56 


During 1896 prices were maintained at a high level through the agency of an ore 
pool or general agreement among the principal producers. It was found impossible to 
make satisfactory allotments to all parties for 1897, however, owing to dissatisfaction 
with the operation of the arrangement in the previous year, and the only agreement 
which now exists is one among the producers of the three Michigan and the Vermilion 
ranges, 

Vermilion Range mines. As already mentioned, the mines of the Vermilion range, 
so far as developed, are in two groups, one at Ely and the other at Soudan. The 
best known of the Ely group is the Chandler mine. This mine has produced nearly 
9,000,000 gross tons of hematite ore up to the season of 1899, an average of nearly 
half a million tons per annum since it was first opened. Its output is controlled by 
the Federal Steel company. The grade and physical character of this ore make it 
one of the most desirable produced in the Lake Superior region. Its product is 
remarkably uniform in every respect, and as the ore occurs crushed in its natural 
state it is mined and handled easily and cheaply. It has beena source of great profit 
to both fee owners and lessees. In another place will be found an account of the 
methods employed in mining this ore. . 

Other mines at Ely are the Pioneer and Zenith, operated by the Oliver and Car- 
negie interests, under lease from private fee owners. The Pioneer les just east of 
the Chandler, and is part of the same ore deposit, lying at greater depth, underneath 
a jasper capping. The Zenith les still farther east in the same belt, and the Savoy, 
a new property, lies east of the Zenith. The Pioneer ore is similar to the Chandler, 
but the Zenith is of shghtly lower grade. 

At Soudan the mines are all owned by the Minnesota Iron company, now part 
of the Federal Steel company. These deposits have yielded something over 6,000,000 
gross tons of-hard hematite, the first year of production having been 1854. The ore 
here varies in quality, and is divided for commercial purposes into several different 
grades, such as Minnesota, Red Lake, Soudan and Vermilion. These were the first 


mines opened in Minnesota, and have been fully described in the Geological Survey 
40 
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Bulletin No. 6, and in other publications. The method of mining is described on 
page 589 of this chapter. | 

Mesabi Range mines. With only six full seasons’ operation to its credit, this 
wonderful range has already produced about 17,000,000 gross tons of soft hematite. Its 
discovery and development have affected the price of iron and steél throughout the 
entire world, and upon its store of iron are dependent many of the large furnaces of 
unprecedented cost and capacity now in process of erection or recently completed 
throughout the eastern and central portions of the country. 

As shown by the tables of analyses, the grade of the Mesabi ore averages higher 
than that of any of the other ranges; but, as seen in the table of prices, it sells for a 
lower price in the market, owing to the lower cost of production, and to mechanical 
difficulties in using it alone in the furnace. 

The mines of the Mesabi also occur in groups. The easternmost of these groups 
is at Biwabik. Here are situated the Hale, Cincinnati, Biwabik, Canton and Rouch- 
leau mines. Of these the Hale and Biwabik are operated in open pits, and the 
others under ground. The Biwabik is one of the four largest open pit mines on the 
Mesabi, and is worked by steam shovels. | | 

Between Biwabik and Eveleth are several mines, among them being the 
McKinley, Sparta and Genoa, all worked as underground propositions. At Eveleth 
are the Adams, Vega and Fayal, the last being one of the largest and best developed 
mines on the range. It 1s worked both in open pit and underground. 
| North of Eveleth occur the Auburn, Minnewas, Ohio, Norman, Franklin, 
Oliver or Missabe Mountain, Commodore and Sauntry and several other mines and 
undeveloped deposits near Virginia. The Oliver, with the Lone Jack and Ohio, is 
one of the large open pit steam shovel mines, and has made a great record. 

The Mountain Iron group is chiefly under one management, that of the Carnegie 
interests, although it was extensively and admirably developed by the Lake Superior 
Consolidated Company before it was leased to the present operators. This is the 
largest open pit mine on the range, as at present developed. 

Some smaller deposits occur between Mountain Iron and Hibbing; but, with 
the exception of Pillsbury, they have not yet appeared in the list of large producers. 
At and near Hibbing are the Mahoning, a very large open pit mine, the Hull, Rust 
and Burt, operated by the Consolidated company, the Penobscot, Sellers and several 
other minor properties, 

West of Hibbing there have been some small and one or two large deposits 
developed, but none of them are as yet producing. On the western Mesabi, as on the 
Vermilion, there will yet be opened other mines, perhaps as good as those now being 
worked. The promise is not so good, however, for the discovery of merchantable ore 
on the eastern portion of the two ranges. Detailed accounts of many of these mines 
are to be found in the papers of the present writer, of F. W. Denton, and others, a 
listed in the bibliography appended hereto. 
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Future iron mining.) 


FUTURE OF IRON MINING IN MINNESOTA. 


Unhke agricultural pursuits, the mining Industry is everywhere recognized as 
an evanescent one. Ore deposits do not grow annually, and once taken out of the 
ground are not and cannot be replaced. Sooner or later all mines are exhausted, 
and unless new ones are discovered and opened up or new industries of different 
character are established, the communities which thrived in the days of active mining 
are deserted. Their occupation gone, the miner moves to some other mining camp, 
the merchant moves his store, and the professional man his office to the site of new 
development, and in a few years, where once were cities of thousands, there may be 
but a few scattered ruins, 

In the western portion of the United States particularly is this transitory nature 
of mining forced upon the attention of the traveler. Where even the greatest of 
mines formerly poured out their wealth by millions, and thousands of mortals gained 
a good livelihood, where costly structures and machinery were grouped around the 
buried storehouses of treasure, are now but dilapidated wrecks and ruins, mute wit- 
nesses of the brevity of prosperity where mines are worked as extensively and 
exhausted so rapidly as they are in this country. | 

What, then, of the future of northern Minnesota? Are its cities to be deserted 
and its busy activities to cease with the exhaustion of its mines? I[f so, when may 
that time be expected, and where will its effects be felt most early? 

Coniparing northern Minnesota with most western mining regions, one 1s 1mme- 
diately impressed with the fact that, but for the mines themselves, no one would 
have attempted to make a residence in the out-of-the-way spots and arid, inaccessible 
localities where many of the latter are located. In other words, there is nothing to 
attract people to the typical mining camp but the mimes, and the hope of employ- 
ment or acquisition of wealth where speculation 1s rife. In Minnesota the situation 
is vastly different. The climate is good, rainfall is plenty, the soil is productive, 
harvests are bountiful, the location is central, and the market for products close at 
hand. Already manufacturing and agricultural industries are engaging the attention 
of a considerable portion of the community, and every year many miners who have 
made a slight competence and have grown tired of underground existence, turn their 
faces toward some less dangerous and equally prosperous pursuit, or settle down to 
spend the remainder of life on a farm. 

The lumbering industry which now furnishes employment to thousands of men 
in northern Minnesota will continue, under proper regulation and nurture, for many 
years to come, and as the forests are cleared off farms will multiply. 

Life of present mines, Although the present rate of production of iron ore is 
enormous and increasing rapidly, yet it’ will be many years before the mines of 
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Minnesota cease to furnish the best and cheapest iron ore ever mined in large 
quantity. | 

Although there is but one Mesabi range, and but few productive spots on the 
Vermilion range, it cannot yet be supposed that all the ore deposits have been dis- 
covered. Whole townships have yet to be prospected, and localities where the pres- 
ence of ore is as yet unsuspected will probably turn out to contain as large mines 
as have thus far been discovered. 

And even with the present rate of consumption there is, without doubt, enough 
ore in the mines now developed to supply all demands for more than a generation. 
In no mining region in this country is it so easy to thoroughly and completely explore 
the ore deposits, and determine closely the tonnage in any given deposit. There is 
thus more ore (not all merchantable at present prices, to be sure) in sight on the 
Mesabi range alone than has been produced from all the mines of the Lake Superior 
region during the past half century. In this fact, surely, there ought to be consola- 
tion. Industries may be inaugurated and capital confidently invested in the expec: 
tation that there will be no sudden cessation of this mining industry. Explorations 
and developments are here amply suflicient to guarantee many years of prosperous 
existence to these mines. 

State ownership and royalties. Besides an interest of a general nature in the 
development and perpetuation of the iron ore industry within its borders, the State 
of Minnesota 1s directly concerned as the fee owner of property on which iron mines 
are located. The Missabe Mountain, operated under lease by the Oliver Mining 
company, and the Minnewas, operated by the Lake Superior Consolidated Iron 
Mines, are the best known of these state mines. There are, however, a couple of 
smaller deposits on lands owned by the State at points farther west on the Mesabi. 
As yet there are no mines located on the State’s lands on the Vermilion range. 

It is needless to say that these are valuable properties, and should be carefully 
looked after by the State’s authorities. Some of the best lands have already been 
lost to the State, and much ore and timberare said to have been removed without the 
rendition of any adequate compensation to the State treasury, and all for the lack 
of some honest official thoroughly familiar with the region and the industry, with 
authority to look after the interests of the State in the same way that the represent- 
atives of private fee-owners look after the interests of their employers. 

Frequent attempts have been made to secure a reduction of royalty on ore 
mined on the State’s lands. Having found it an easy matter to procure such legis- 
lation as they desire, or to defeat any legislation proposed for the purpose of securing 
mine inspection or regulation, the mining interests have sought to reduce royalties 
on State ore, This royalty, which amounts to 25_cents per gross ton, is not excessiv¢ 
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and is less than the royalty paid to private fee owners in many instances. There 
will always be occasional periods of slack demand for iron ore, when it would seem 
as though more ore might be mined from these mines if the royalty is reduced; 
but the amount of ore owned by the State is limited, and it will all be wanted in 
the not far distant future, even were the royalty higher than it now is. It is a mere 
matter of business. The miner will always get his ore as cheaply as possible; while 
on the other hand, the fee owner will always get as muchas he can for his ore. 
When therefore it is proposed by any one to reduce the State’s royalty, that man 
may reasonably be looked upon as an agent or representative of the lessee, and 
should be treated accordingly. When private fee owners are receiving 35, 40 and 
even 50 cents per ton for ore that comes from underground mines, there is no reason 
why the State should receive less than 25 cents for ore that can be mined much | 


more cheaply, and is selling at as high a price in the market. 
IRON AND STEEL MANUFACTURE AT HOME. 


‘Show me the country which leads in the production of iron and steel, and I 
will show you the leader 1n wealth, civilization and influence,” was said by some 
- political sage. That it expresses a truth will be admitted on every hand. Until 
recently England has led the world in the production of iron and steel, and has 
been conceded to be the most powerful nation. Within the past decade the United 
States has taken the palm from Great Britain, and is already admitted to be in the 
foremost place among the nations in all that constitutes national greatness. 

To a certain extent the same rule applies to communities and localities within 
a country. Pennsylvania and Ohio are rich, populous and influential largely because 
of their great iron and steel industries. Minnesota contributes in no small degree 
to the wealth and prosperity of these two States by sending to them the products of 
its iron mines for manufacture into finished articles of commerce. It becomes thus 
a question for serious investigation to ascertain whether iron and steel plants and 
manufacturing industries to utilize their output cannot be established at or near 
the mines, or at least within the borders of the State. 


COMPARATIVE COSTS HERE AND ELSEWHERE. 


From a report “ Upon the manufacture of iron and steel at Marquette, Michigan, 
by Mr. John Birkinbine,” and from some articles prepared by Mr. D. E. Woodbridge 
for the Minneapolis Journal, based very largely on the former article, but altered 
somewhat so as to apply to this state, the following extracts are taken: 


“What Minnesota pig iron would cost. It will be easily demonstrated that Minnnesota can produce a 
ton of pig iron from home ores by assembling raw materials and with existing facilities at less than the cost of 
producing similar iron at any of the nation's great centres, Chicago, lake Erie or Pittsburg. It is easy to show, 
also, why the manufacture of iron here cannot now, nor perhaps for many years, be entered upon on a successful 
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scale under present conditions. The reason for the lower cost of manufacture is, in brief, that the great bulk 
of present and prospective lake traftic is eastward, freights from lake Superior to the east are higher than those 
in the contrary direction, and that more ore than fuel is required to produce a ton of pig iron. Both these con. 
ditions will grow more and more pronounced as time goes on. 

“To introduce conclusive comparisons it will be unnecessary to make detailed estimates of the cost of 
producing pig iron. These estimates are mainly of temporary value, and all items except transportation and 
market will in every case be practically the same, except so far as may hereafter be noted. The comparison may 
be confined to the cost of assembling the raw materials for the ton of iron, on the one side, and the difference in 
labor and markets on the other. 

« An examination of freight rates on the great lakes conclusively shows that for a long series of years under 
average conditions the freight upon lake Superior iron ores to lower lakes is twice, sometimes three times, that 
upon coal shipped west contemporaneously and between the same points where shipping and receiving facilities 
are considered equal. It is fair to assume that for the future the rate on ore east will be to that on coal west 
during the season of navigation, as sixty is to twenty-five, or two and three-fifths times as much. 

“A blast furnace using the better grade of ore from Minnesota mines, which grade will be the one consid- 
ered in this comparison, as it is the only grade valuable enough to bear the cost of transportation east, will 
require about 1.66 tons of ore for every ton of pig tapped out. To smelt this ore in modern furnaces under 
reasonably favorable conditions will require about .8 ton of coke, and this coke would require for its production 
1.25 tons of coal. 

‘In the comparison of Minnesota-made iron and that melted on lake Erie, no account need be taken of the 
freight rate from the ore mines to lake Superior on the ore, nor from the coal mines to lake Erie on the coal, for 
both these factors are constant and equal “in each case. The average freight charge for a furnace at Buffalo or 
Cleveland on ores from Minnesota is: 


1.66 gross tons at 60 cents, - - - - - - - - - 20.90 

“The freight charges on material for a furnace in Minnesota are similarly: 
114 gross tons of coal, : s - S 4 = - : 2 é By 
Limestone, and unloading and stocking, ete., for both, = - < : : . 18 
Allow for extra cost of coking and loss in cval, outside limit, . : : 7 10 
Total for Minnesota, - : : & : 2 z : : $0.60 


“This shows a difference in favor of Minnesota of 30 cents a ton on the assembling of material sufficient 
for the productior of a ton of tinished pig metal, an item that, in the present days of competition and small 
profits. is worth striving for. As a matter of fact, the difference is more favorable to the west than here presented, 
for the iron ore railroads, in consideration of the fact that furnaces in the state would give them traffic all the 
year through, and that none of the costly dock equipments necessary for shipping to the eastern markets need 
be used, would make a lower freight rate for ore smelted at home than they do on ore for eastern shipment. This 
was demonstrated some years ago, when the Duluth & Iron Range railway made the same rate to a furnace in 
Duluth that it made to its shipping docks at Two Harbors, though the haul was thirty miles more. Then, too, 
there is an item of 10 cents for loss in coal and extra cost of coking, which is a theoretical estimate, the actual 
work having never shown such a loss. On the other hand there should be a saving in coking coal in the north- 
west, for there is a valuable residuum in the shape of tar, ammonia. gas, ete., that would be close to a market 
that can consume far more than the state is likely under the most favorable conditions to furnish in many years 
tocome. This material now pays a freight from the east, where it is made in coking-works and gas plants. 

“What pig tron costs elsewhere. The differences in favor of Minnesota under this statement are amply suf- 
ficient to cover any temporary increase in local freight charges, or difference in labor, if such exists, and demon- 
strate the justice of the statement that pig iron can be made more cheaply in Minnesota than in the lower lake 
cities. 

“While the pig iron industry of the lower lakes is now very important and is destined to grow rapidly, the 
great centres of production in the United States today are Pittsburg and Chicago. In Pittsburg, or Allegheny 
county, thirty per cent of the iron made north of Birmingham, Ala., is produced. The estimated freight on 
material for one ton of pig iron to Chicago Is : 


For 1.66 tons ore at 45 cents a ton, — - : - a - 7 . m 79 
0.8 ton coke at $2.50 a gross ton, all rail, : : : Z z = 4 = ».00 
Limestone, ete., - - - e : 7 E . : : - 05 

Total for assembling materials, — - - 2 : ~ é ‘ : $2.80 


“The estimated cost of assembling materials at Pittsburg, per ton of pig iron made, is: 


1.66 ton ore at 60 cents a ton, - é : e s s ‘ : 20.90 
Same ore, rail freight, lake Erie port to Pittsburg, at 95 cents, - : - - 1.60 
Coke and limestone, a rail, at 40 cents and 22 cents per ton, - 7 2 | 36 
Less a credit of say 5 cents a ton on ore passing through lake Erie docks without handling 

there, - - - 2 : 2 2 ‘ : ; : 08 


Total for assembling materials, - Z E : : F : : $2.78 
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A 
“To equate these figures with those for Minnesota, there should be added to the Minnesota estimates given 
above the cost of getting the coal or coke from mines to docks at lake Erie, 


Which might be as much as_ - - - - - - - - - - $1.30 
Adding the cost of lake freights, etc., as above, - : : : : .60 
Total for assembling materials, 3 : : : : - - - $1.90 


“ A)l this shows a difference in favor of Minnesota of about 90 cents over Pittsburg and Chicago, and 60 
cents a ton over any point on lake Erie, which has of recent years been called the ‘iron coast of America.’ 

“ Tron’s contribution tolabor. Roughly speaking, on the average, every ton of iron ore mined in this state 
contributes to labor in the state the sum of from 50 cents to $1.00, this including not mining alone, but all labor 
connected therewith, mining, transportation to docks, handling and other costs. This ore goes on to Pittsburg 
or Cleveland or Chicago, contributes $6.00 more to labor and becomes a steel billet. Another $2.00 and it is a 
rail; still another 82.00 and it is a beam of simple design. Perhaps it is made into barbed wire or nails and Jabor 
gets $4.00 to 85.00 more for every ton; perhaps it goes so far as to be watch screws, and the cost of labor involved 
is thousands of dollars for every ton. No wonder money is pouring into the manufacturing centres faster than 
they can spend it, and their farmers and tradespeople prosper. For all this,-Minnesota and Michigan supply the 
raw material and get from 50 cents to $1.00 a ton. 

“<«Tean’ ores could be used. One point not considered in these comparisons, but of importance in the same 
connection, is the possible use of ores for furnaces in Minnesota which cannot bear the long transportation to 
the east and which may be secured at much less cost than their proportionate metallic iron content would make 
them worth smelting. There are miles and miles of material used in grading on wagon and rail road in northern 
Minnesota and thousands and thousands of tons of refuse cast aside that is richer in jron than ores that are reg- 
ularly smelted in the south or in many foreign countries. This is under fifty to fifty-five per cent. metallic iron 
and is not of a grade that can bear the costly transportation to distant furnaces, but it must be moved by the 
mine operator, as a waste and valueless product of his mine. Any price above cost for these ores would probably 
be gladly received by the miner, and the ores would bear the freight costs to furnaces in the state if the price 
made on them was even slightly shaded from the going values. It is believed that a profitable business might 
be worked up in the smelting of these lean ores, which, it must be understood, make as good an iron as the richer 
ores, requiring only some more fuel and more labor. 

“The varieties of ores to be found in this state make an important factor in the discussion of this general 
question of smelting in Minnesota. Almost any desired mixture can be obtained at any time, practically within 
a few hours’ notice. Although the region has a well-recognized reputation for its supplies of low-phosphorus 
ores rich in iron, there are large quantities obtainable that are not within the ‘ Bessemer limit’as to phosphorus, 
and sell very low. There are deposits, entitled to be called enormous, that are lower in iron than can be shipped 
long distances at a profit, as above referred to, and the State of Minnesota itself owns a considerable portion of 
these ores. 

“If two tons of these leaner ores are smelted with one ton of coke to make a ton of pig iron, the furnaces 
at Buffalo or Cleveland would pay for: 


Transportation on ore about, - - . - - - - 2 - - $1.20 
Those at Chicago would pay about, - - - - - - - - 95 
While those in Minnesota would pay for carriage of coke about, - - - - - mt) 


“ As for Pittsburg, the cost of rail-haul on the ore from lake Erie is such as to make the calculation to that 
point unnecessary, while for Chicago there must be added to the figure of 95 cents the freight by rail on coke 
from the mines, which would put that point also out of the running. 

“Obstacles tohome manufacture. With these advantages in favor of the western iron-maker, added to 
those of a market, it may be asked with pertinence, why has not an iron industry grown up in this state already, 
since for sixteen years Minnesota has been recognized as a miner of high-grade ores? Experiments have been 
made and have failed, but have failed by reason of errors that can be avoided by every prudent manufacturer. 
These failures have no bearing on the question at issue. They are neither here nor there. But there are obstacles 
which no man who seeks for a western location for the establishment of an iron and steel plant can overlook and 
which will operate to retain the seats of manufacture where they now are unless radical measures are taken to 
overcome them. 

“ The inertia of capital. Inthe past few years there have grown up in the eastern centres vast aggregations 
of capital in the steel trade, with plants for manufacture of everything from coke and pig iron to the most 
tinished forms of steel. It would cost millions on millions to move these plants, and their owners are doing well 
enough where they are. They are located in the greatest labor centres of the union, where steel workers are as 
common as lumbermen are in Minnesota, and where any number of men can be had at any time for any unusual 
job. This in itself isan important factor. The mill-owners are at home, among their competitors and neighbors, 
and well located for reaching the greatest markets the world affords. Why should they move? They have an 
idea that Minnesota is the land of the aurora borealis and the north pole, and that people further west do not 
use any metal, anyway. They think they are the west; in fact, Pittsburg is referred to as the ‘central west ' in 
iron-market literature. They are close to the coke supplies and it is hard to make them see that it is cheaper to 
take the fuel to the ore than the ore to the fuel. There is a conservatism among capitalists that is hard to move. 
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They fear western legislation, and, unless large inducements can be shown them, will refuse to consider changes, 
They realize that any plant started in the west must not only be large and modern, but it must not rest with the 
manufacture of pig iron alone; it must take that iron to the finished forms, and this is a complex undertaking 
that requires large capital and expert knowledge. While the blast furnace is, in the present state of the art, 
the initial metallurgical process, it is not a promising field for investment alone. There must be foundries and 
mills for reducing the metal of the furnace, and these, whether connected with it at one point and in one group 
of industries, or scattered over an entire state, must be on hand before the furnace can be successfully operated. 
The eastern steel-maker does not take pains to Jearn that in Minnesota and the northwest there are now plants 
that can take care of the output of a very respectable furnace, providing that furnace can furnish a metal to 
suit their varied requirements. It is hoped to show in this article that the market of the country tributary to 
Minnesota does now absorb a vast quantity of metal in various finished forms, and that millions of dollars might 
be saved to the State if it were manufactured here. 

“ Every manufacturer realizes that in a new plant, and especially in a new and comparatively untried loca- 
tion, he must give inducements in order to command business. He must not only sell as good goods, but better, 
not only give as favorable terms, but longer time, and shaded prices, or he will be unable to overcome the inertia 
of the buyer who has been trading elsewhere and has been satisfied. He realizes that this is far more of a factor 
than the ordinary man out of the business can believe. It will require considerable of an inducement, for a 
time, to enable him to overcome this one fact. He is not going to move for his health, nor for the friendship he 
has for the location that is asking him to come. If he can do well enough at home, and have none of the troubles 
incident to removal, erecting new plants, gathering new customers, learning a new series of credits, new freight 
conditions, and new climatic agencies, he will stay at home and the location that wants him may whistle till 
doomsday for all of him. 

‘He knows, too, that for a time at least any new location will demand the payment of a higher wage per ton 
of product than in the sections where iron workers are plenty and the trade is a mainindustry. This item would 
probably not be against the manufacturer long, for men would come in, but for a time it would be an item of 
considerable importance. 

“Cost of handling pig tron. If lake Superior were open for navigation throughout the year and if pig iron 
were sold in cargo lots and could be handled at the small costs that accrue to iron ores, it might be found that 
the metal could be produced at the head of lake Superior and marketed in competition with furnaces at the 
eastern centres named in this discussion. But the metal must be considered as forwarded by rail tariffs through- 
out the year, or during the water shipping season principally in lots of less than cargoes at increased rates, and 
as the handling of pig iron is found to be vegy much more expensive than that of iron‘ores, therefore the market 
for a blast furnace plant would be confined to territory to which it is naturally tributary, influenced by interfer- 
ance of established lines of traffic and advantages given to established terminals.” 


In a paper on “The Lake Superior Iron Mines,” read before “The Institution of 
Civil Engineers,” in London, February 14, 1899, by Messrs. Jeremiah and A. P. Head, 
it was frankly admitted that the cheapness and abundance of lake Superior iron ores 
have made it possible to produce steel in this country cheaper than in England. 
These gentlemen speak as follows: 

“Tt appears that Bessemer pig iron can be produced at Pittsburg, under present 
conditions, for almost £1 per ton less than at Middlesbrough. This advantage is 
principally due to the lake Superior ore and the Pennsylvania fuel supply. It will 
be readily seen that by the time the pig iron has been converted into ingots. 
and further into finished steel, the advantage has been increased in proportion to 
the loss in conversion, and by reason of the lower cost of fuel required in the later 
processes.” 

After a table showing the selling price of steel rails, ship plates, billets and 
blooms to be from 9 shillings to £1 4s. lower in Pittsburg than in Middlesbrough, 
England, the Messrs. Head go on to say that— 

“These figures seem to show that the present low prices of American steel are 
justified, if only by the cheapness of the pig iron from which it is made; and that 
the competition now felt in England and in neutral markets is likely to continue, 
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and can only be met by lower costs on the part of English producers im all available 
directions. | 

“Pittsburg has been mentioned as the principal ore-smelting point, although 
there are others, notably Youngstown, in Ohio. Pittsburg is 150 miles from lake 
Erie. As only about 1.66 tons of Bessemer ore are required to make one ton of 
Bessemer pig iron, and in the best practice only about sixteen hundred weight of 
coke, it is clearly better that the blast furnaces should be situated near the ore than 
near the fuel centre. This, however, involves other considerations of a somewhat 
complex character, such as the direction and distance of the centre of consumption. 
Authorities in the United States are fairly agreed that the south shore Erie ports are 
the best smelting and distributing centres for pig iron and steel, as well as the best 
receiving centres for the ore. * * * 

“The authors are inclined to the view that lake Superior iron ores are likely 
to have a considerable and permanent effect in cheapening iron and steel, and all 
goods made therefrom, throughout the markets of the world; and that they will tend 
to encourage the production of such goods, and especially of ocean-going ships and 
engines at United States ports to a hitherto unprecedented extent.” 

No further testimony is needed as to the natural advantages which Minnesota 
possesses for the manufacture of her iron ores within her own borders. It is unfor- 
tunate for us that natural advantages are not always suflicient to bring about the 
establishment of large industries. Concentration of wealth and population has pro- 
ceeded to such an extent in eastern states, and transportation and trade lines have been 
developed to such an extent, especially since the recent combinations of different 
iron and steel and other industries, that it will not be an easy matter to enlist 
enough financial support and commercial influence to successfully inaugurate a 
period of iron and steel manufacture in Minnesota. The growing importance of 
western markets, and the increasing wealth and independence of the western states 
will, we believe, eventually lead to the establishment of modern and economical 
plants and the upbuilding of extensive industries at the points most favored by 
natural characteristics. To aid in this greatly to be desired event, and to safe- 
guard and prolong the iron industry in Minnesota should be the aim of every 


patriotic citizen. 
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Abita, 505. 


Agassiz (glacial), 20, 98, 146, 152, 156, 186. 
Agate bay, 233, 574. 

Ahrens, Charles, 73. 

Aitkin county, chapter on, 25. 

Akeley Lake plate, chapter on, 462. 

Alice lake, 267. 

Alpha lake, 267. 

Anderson, artesian wells at Red Lake falls, 113 
Andrusia lake, 95. 

Avis island, 539. 

Ayers, H. B., 1 f. n., 564. 


Bacon, D. H., 589. 

Bain, H. F., 485. 

Bald Eagle lake, 268. 

Baker, Gen. James H., 136. 

Bashitanequeb, 522. 

Bassimenan lake, 267, 286, 420. See Basswood lake. 
Bayley, W. S., 473, 478, 508. 

Bear lake, 268. 


Bellissima lake, 268. 

Beltrami county, chapter on, 131. 
Beltrami island (glacial), 155. 
Bemidji lake, 95, 142, 147, 154. 
Beta lake, 267. 

Big Fork river, 175, 190. 

Big river, 160. 

Big Vermilion lake, 80. 

Birch island, 343. 

Birch lake, 235, 2€7, 285. 
Birkinbine, John, 584, 609. 
Biwabik, 583. 

Boy river, 57. 

Black Duck river, 157. 

Brainerd, 3v. 

Brower, J. V., source of the Mississippi, 135, 136 
Burntside lake, 246. 

Butler, Nathan, 159, 160. 


Camper's island, 282. 
Carlton, 550. 
Carlton county, chapter on, 1. 
Carlton peak, 338. ' 
Carlton plate, chapter on, 550). 
Carp lake, 267. 
Cass and Crow Wing counties, chapter on, 54. 
Cass (and Hubbard), 82. 
Cass lake, 57. 
Cedar creek, 26. 
Chandler mine, 592. 
Chase, A. S., 206. 
Chase, C. L., 175 f. n. 

At 


| 
Adams lake, 267. 


Beaver Bay, 299. 


Chester, A. H., 383, 385. 

Chester peak, 522. 

Clear lake, 268. 

Clearwater river, 100. ‘ 
Cloquet, 550. 

Cook county, chapter on, 313. 
Copeland’s lake, 267, 286. 
Cormorant island, 138. 

Corser, E. S., artesian wells, 113. 
Coureurs des bois, 502. 

Crab lake, 267. 

Crane lake, 242. 

Crooked lake, 76, 243. 

Cross lake, 76. 

Crow Wing lake, 76. 

Crow Wing river, 56. 


Daggett lake, 76, 80. 

Davis, George W., 205, 206. 
Dawson, J. W., Sol. 

Delta lake, 267. 

Denton, F. W., 591. 

Deronda hay, 367. 

Dietz and Dugan, 554. 

Dike lake, 267. 

Disappointment lake, 268, 423, 538. 
Double bay, 341. 

Duluth, Sieur, 128. 

Duluth, 575, 598. 

Duluth plate, chapter on, 566. 
Dunka River plate, chapter on, 390. 


Eagle lake, 76. 

Eames, H. H., 583. 

Echo lake, 30. 

Elbow lake, 84, 246. 

Elbow river, 246. 

Elftman, A. H., 265 f. n., 266, 279, 290, 298, 300, 322, 
336, 418, 474, 485, 496, 521. 

Elk lake, 136. 

Ely, 205, 582, 601. 

Ely, George H., 599. — 

Ely island, 537. 

Embarrass lake, 370. 

Ensign lake, 268, 274. 

Epsilon lake, 267. 

Escanaba, 598. 

Eve lake, 267. 

Eveleth, 583. 


Fall lake, 267. 

Farm lake, 267. 
Fishhook lake, 83. 
Flood wood river, 31. 
Fond du Lac, 567, 
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Fort Charlotte, 502. 

Fort Frances, 245. 

Fox Jake, 267. 

Fraser Lake plate, chapter on, 434. 
Friday lake, 267. 


Gabhro lake, 268. 

Gabbro Lake plate, chapter on, 399. 
Gabimichigama lake, 450, 453, 462, 470. 
CGiamma lake, 267. 

Garden lake, 267, 411, 412. 

Garrison, O. E., 52, 82, 87, 91. 

Geology island, 414. 


Giant's range, 231, 350, 356, 366, 371, 383, 391, 462, 483. 


(iladstone, 58. 

Glazier, Capt., 135. 

Gogebic Iron range, 585. 

Gooseberry river, 312. 

Grand Marais, 320, 339. 

Girand Portage, 341, 502, 504. 

Grand Rapids plate, chapter on, 350. 
rreenwood lake, 68. 

Gull lake, 76, 80. 

Gunflint lake, 324, 487, 583. 

Gunflint Lake plate, chapter on, 481. 


Hallock, 120. 

Harbaugh, Springer, 112. 
Harris lake, 268. . 

Head, J. and A. P., 612. 
Hennepin, Pére, 28. 

Hernando de Soto, 136. 
Hibbing, 583. 

Hibbing plate, chapter on, 358, 
Hill river, 26. 

Hind, Prof. Henry Youle, 128. 
Horseshoe bay, 340. 

Horseshoe logan, 27. 
Houghton, Douglass, 16. 
Hubbard county, chapter on, 82. 
Hulst, Nelson P., 580. 
Humboldt salt well, 128. 
Hunt, T. Sterry, 501. 


Irving. R. D., 297 f. n., 566. 
Iron lake, 242. 

Isabelle lake, 268. 

Itasca county, chapter on, 167. 
Itasca lake, 136, 154. 


Jacktish bay 200. 
Jasper lake, 268, 275. 
Julia lake, 151. 


Kabetogama lake, 188, 936, 241. 

Kabekona river, 95. 

Kawishiwi river, 402, 416. 

Kawasachong ie se 
ting, Prof. William, 4-0. 

Keating a 


, point, 
ee vetaabic lake 952, 271, 280, 294, 438, 442, 448. 


iv 6, 592. 
ettle river, 16, 
site county, chapter on, 120. 


Knife lake, 267. 


ix, 242. 
Cc la Crolx, 2 e 
“ai du Mort, 133, 151. 


Lake of the Woods, 155, 

Lake county, chapter on, 266, 

Lake La Salle river, 95. 

oe Omini (glacial), 337, 521. 
awson, A. C., 138, 141, 
229, 266, 315,993, 54), 2 205 tn, 219, 

Leavitt lake, 76. 

Leech lake, 57. 

Leech Lake Agency, 55. 

Leech Lake dam, 80, 

Lightbody, John, 500. 

Little Fork river, 175, 190, 

Little Vermilion lake, 242. 

Little Saganaga lake, 319, 457, 477. 

Lone lake, 44, 482. 

Long lake, 235, 251, 267. 

Loon lake, and river, 242. 

Lucille islands, 516. 


Magnetic lake, 462, 483. 
Mahtowa, 3. 

Mallmann, John, 383. 

Mallmann peak, 436. 

Manitou rapids, 180. 

Marquette range, 586. 

Marshall county, chapter on, 117. 
Mayhew lake, 482. 

Mayo lake, 76. 

McFarland, John, 500. 
McKinley, 583. 

McMillan, Conway, 173. 

Meeds, A. D., 222 f. n., 265. 
Menan island, 539. 

Menominee range, 585. 

Mesabi range, 594, 602. 
Merriam, W. N., 473. 

Misquah hills, 317, 481. 

Mille Lacs lake, 27. 

Mississippi river, 94, 346. 
Mitchell lake, 76. 

Moose lake, 268, 270, 281, 420, 538. 
Moose river, 3, 19, 26, 118. 
Mountain Iron, 365, 583. 
Mountain Iron plate, chapter on, 355. 
Mountain Lake plate, chapter on, 496. 
Mount Josephine, 342, 511. 
Mount Northrop, 450. 

Mount Reunion, 482. 

Mud lake, 3, 118. 

Mud river, 26. 

Murchison, Sir Roderick, 129. 
Muscovado lake, 478. 


Nachtrieb, H. F., 27. 
Namekon lake, 241. 
Nemadji lake (glacial), 20. 
Nemadji river, 1, 3. 
Net lake, 176, 243. 
Newfound lake, 268, 420. 
New London, 576. 

Newton lake, 267. 
Newsom, Maj. T. M., 520. 
Nichols, Capt. J. A., 365. 
Nicollet, J. N., 82, 135. 
Nind lake, 268. 

Norman county, chapter on, 98. 


GEOGRAPHICAL AND PERSONAL INDEX 


619 
Northwestern lake, 268, 270. Short Line Park. 567 
Norwood, Dr. J. G., 133, 500 f. n., 520, 583. ences C. F., 129, 418, 
nake ri 
Ogaard, L. A., 172 f. n., 176. Bios ie 270. 430 
Ovishke Muncie lake, 267, 270, 279, 451. Snowbank Lake slate 0, 
Otter creek, 3, 11, 23. , Soudan, 589. ; " 
Otter Track lake, 274. | Spalding, W. R., 499. 
Sparta, 583. 

Pamitascodiac lake, 95. Spurr, J. E., 1 f. n., 213, 222 359. 371 551 
Park Rapids, 82. Stacy, F.N., 459. aaa 
Partridge falls, 508. Stacy island, 450. 
Partridge River plate, 383. St. Louis river, 1, 550. 
Pelican lake, 243. St. Louis county, chapters on, 212, 222 
Pengilly, John, 592. St. Vincent salt well, 128. a 
Pickerel lake, 401. Stony lake, 268. 
Pigeon falls, 509. Stuntz island, 527. 
Pigeon point, 552. Sucker lake, 267. 
Pigeon Point plate, chapter on, 502. Superior, lake, 1, 3, 314. 
Pigeon River reservation, 320. Swan Lake plate, chapter on, 355. 
Pike lake, 268. Swan river, 355. 
Pine lake, 76, 268. Sylvan lake, 76. 
Pokegama falls, 180, 190, 347. 
Pokegama Lake plate, chapter on, 346. Tamarack river, 118. 
Polk county, chapter on, 98. Taylor’s Falls, 574. 
Poplar river, 100, 112, 338. Thief lake, 118. 
Portage lake, 30. Thief river, 100, 118, 154. 
Poquadenaw mountain, 31. Thomson, 550, 564. 
Potato lake, 83. Tintah beach, 123. 
Powell, Maj. J. W., 113. Tower, 552, 582. 
Prairie river, 26, 355. Triangle lake, 268, 270. 
Prisoner's island, 28. Trout lake, 249. 

| Turtle lake, 133, 151. 
Rainy lake, 176, 192, 238. Twin peaks, 452. 
Rainy river, 134, 190. Two Harbors, 598. 
Rapid river, 134, 141, 189. . 
Rat Portage, 155. Vermilion lake, 523, 541. | 
Red lake, 27, 152, 156. Vermilion Lake plate, chapter on, 522. 
Red Lake Agency, 165. Vermilion Iron range, 601. _ 
Red Lake Indian Reservation, 131. Virginia, 583. 
Red Lake river, 118, 162. Virginia plate, chapter on, 370. z 


Rice lake, 44. 
Rice’s point, 577. 
Rice River logan, 27. 


Wabano lake, 355. 
Wadsworth, Dr. M. E., 222 f. n., 389 f. n. 


Rockefeller, J. D., 598. Walker, Dr. James R., 57. 
Roseau county, chapter on, 119. Wauswaugoning bay, 343. 
Roseau lake, 120. West Savanna, 26. 
Roseau river, 119. White, Dr. C. A., 376. 
Round lake, 30. Whiteaves, Dr. J. F., 190. 
Rove lake, 482. White Earth Agency, 165. 
Rove Lake plate, chapter on, 491. Whitefish lake, 76, 80. 

White Iron lake, 285, 267, 286. 
Saganaga lake, 282, 314. Wild Rice lake, 161. 
Sand lake, 268. Wilder lake, 268. 
Sandy lake, 28, 30. | Willow river, 26. 
Sand Point lake, 241. Winchell lake, 314, 317, 481. 
Sandy river, 28. Winchell, Dr. A., 222 f. n., 243, 266, 279, 280, 282, 290, 
Saylor lake, 84. 399, 414, 508. 
Sault Ste. Marie, 597. Winchell, A. N., 196 f. n. 
Sawteeth mountains, 315. Winnibigoshish lake, 57, 167, 186. 
Schneider, Dr. Albert, 27. Winnipegosis, 129. 
Schoolcraft, H. R., 82, 297, 566. ; Wind lake, 268. 
Schoolcraft river, 82. Woodbridge, D. E., 609. 
Seven Beaver lake, 268. 
Shaler, N.S., 26. Zeta lake, 271, 281. 


Sharpless, F. F., 258. Zipple, Wm., 135, 
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Aboriginal mounds, 51. 
Aboriginal implements, 54. 
Adams mine, 380. 
Age of the Fond du Lac sandstone, 571; 
of the gabbro, 298. 
Agglomerate of the Kawishiwin, 254, 255, 258, 274, 275, 
276, 281, 292. 
Agriculture, 2°. 
Cass and Crow Wing counties, 79; Valley of the Red 
river, 127; Itasca county, 209; Cook county, 320. 
Aitkin lake (glacial), 46. 
Aitkin county, chapter on, 25. 
Situation and area, 25. . 
Surface features, 25. 
Natural drainage, 25. 
Lakes, 26. 
Sandy lake, map of, 29. 
Topography, 30. 
Elevations, 32. 
Soil and timber, 33. 
Geological structure, 36. 
Granite, 36. 
Quartzyte, 36. 
Diabase, 36. 
Cretaceous beds, 37. 
Glacial and modified drift, 37. 
Till, 38. 
Terminal moraines, 39. 
Gravelly knolls and plateaus, 43. 
Low sand and gravel plains, 44. 
Lignite in the modified drift, 45. 
Lake Aitkin, 46. 
Former higher levels of Mille Lacs, 47. 
Ridges made by ice on lake shores, 49. 
Alluvium, 49. 
Material resources, 50. 
Timber, cut 1892-93, 50. 
Agricultural resources, 50. - 
Dams used for lumbering, 51. 
Aboriginal earthworks, 51. 
Akeley Lake plate, chapter on, 462. 
Gituation and area, 462. 
Surface features, 462. 
Topography, 462. 
Drainage, 463. 
Drift, 464. 
Geological structure, 465. 
Brief sketch of the rocks, 465. 
Archean, 466. 
Greenstones, 466. 
Saganaga granite, 467. 
Keewatin unclassified, 467. 
Upper Keewatin, 468. 
Archean, 469. 
Animikie, 470. 


Taconyte, the iron-bearing member, 471, 
Tron-bearing rocks, 472. 
Black slate member, 475. 
Diabase sills, 476. 
Gabbro, 476. 
Granite, 479. 
Diabase dikes, 479. 
Economic resources, 479. 
Iron ore, 479. 

Alluvial deposits, 49, 78, 126, 147, 190, 

Altitudes. See Elevations. 

Amethyst, 520. 

Analyses: 

Water of Mille Lacs, 38. 

Tron ore, 353, 354, 412, 480, 585. 
Magnetic iron sand, 262. 
Magnetite, 418. 

‘Ancient diggings,” lake Miranda, 500. 

Animikie: Thomson slates, 7, 552; in Itasca county, 
175, 180; iron-bearing in St. Louis county, 263; as 
“red rock” in Lake county, 296; effect on the 
topography, 315, 482; unconformable on the Ar- 
chean, 323; Pokegama Lake plate, 347; members 
of, Swan Lake plate, 356; Hibbing plate, 358: Vir- 
ginia plate, 374; contact on the gabbro, 396; iron 
member involved in the gabbro, 417; south of Dis- 
appointment lake, 431; Fraser Lake plate, 456; 
Akeley Lake plate, 470; composition of, Gunflint 
Lake plate, 484; in the Rove Lake plate, 493; 
Mountain Lake plate, 497; Pigeon Point plate, 506; 
modified, at Duluth, 575. 

Anorthosyte: In the Beaver Bay diabase, 299; at 
Little Saganaga lake, 457, 477. 

Archean: Aitkin county, 36; Cass and Crow Wing 
counties, 65; Beltrami county, 135, 138, 150; Itasca 
county, 174, 195; St. Louis county, 223, 252, 263; 
Lake county, 266; Cook county, 321; Grand Rapids 
plate, 353; Virginia plate, 370; Partridge River 
plate, 383; Dunka River plate, 390; Gabbro Lake 
plate, 400; Snowbank Lake plate, 422; Fraser Lake 
plate, 439, 454; Akeley Lake plate, 466, 470; Ver- 
milion Lake plate, 524. : 

Artesian wells: At Brainerd, 75; Norman county, 
112; saline, 129. 

Auburn mine, 381. 

Augite soda-granite, 442. 

Auriferous gravels, 155, 202; auriferous quartz vein, 
Ely, 258. 


Barite, on Pigeon point, 520. 

Bassimenan Lake granite, 286. 

Beaches, abandoned: 
Lake Agassiz, 49; Herman, 106; Norman and Polk 
counties, 115; Marshall, Roseau and Kittson counties, 
123; Beltrami county, 149; at Duluth, 221; Cook 
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county, 316, 338, 343; Blanchard beach, 92, 126; 
Vermilion lake, 523. 

Beaver Bay diabase: Equivalent of the gabbro at 
Duluth, 213; about Beaver Bay, 299; Short Line 
Park, 572. 

Beltrami county, chapter on, 131. 
Situation and area, 131. 

Surface features, 131. 
Drainage, 132. 
Rainy river and its tributaries, 134. 
Source of the Mississippi, 135. 
Elevations, 136. 
Geologic features, 138. 
Older formations, 138. 
“Northwest angle,” 138. 
Cormorant island, 138. 
Rocky point, 139. . 
Long point, 139. 
Stony point, 140. 
Paleozoic rocks, 141. 
Glacial drift, 142. 
Red Lake moraine, 142. 
Hill River moraine, 143. 
Wild Rice moraine, 143. 
Itasca moraine, 144. 
Turtle Lake moraine, 144. 
Lake Ketihi moraine, 144. 
Kames or Osars, 144. 
Modified drift, 145. 
Pitted plains, 145. 
Stria, 146. 
Recent deposits, 147. 
Alluvial flats, 147. 
Terraces, 147. 
Swamps, 147. 
Lacustrine formations, beaches, 147. 
Ancient beaches of lake Agassiz, 149. 
Geological history, 150. 
Differential elevation, 152. 
Economic features, 152. 
Vegetation, 152. 
Pine, 153. 
Deciduous treeg, 153. 
Agricultural possibilities, 154. 
Water-powers, 154. 
Fish and game, 154. 


Gold, 155. 
Iron, 155. [155. 


Region around Red lake and south to White Earth, 
Altitude and area of Red lake, 155. 

Adjoining country and tributary streams, 156. 
Southern half of Red lake to the narrows, 156. 
Northern half of Red lake to the Agency, 161. 


Sections on Pine creek near Agency, 163. (163. 


Observations between Red lake and White Earth, 


Big American mine, 206. 

Big Fork river, Keewatin rocks, 179. 

Birch island, abandoned beaches near, 343. 

Birch lake and vicinity, 259. 

Biwabik mine, 377. 

Black Jasper, 412. 

Black slates, 264, 324, 368, 378, 384, 395, 475, 486. 

Boy river, moraines at, 59. 

Boulders: Hubbard and Cass counties, 85; walls at 
Red lake, 148; curious boulder at Cloquet, 565. 
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Bouldery stretches, 110, 126, 
Brainerd and Northern Minn 
on, 60. 
Breccia, mi ist i ite; Eli 
sn ee oon in granite, Elbow lake, 246; Gun- 
Brick clay, 21, 221. 
Burntside lake, relations of schists and granite, 247 


esota railway, elevations 


oe origin of the name, 297; surface lavas, 215: 
in Cook county, 325; Pi i . 
Galcis 50, y Pigeon point, 511; Duluth,575, 
Calcareous beds, 395. 
Cambrian, soutce of brine, 130; upper, 15. 
Calcareous nodules, 11, 554. 
Campbell beach, 106, 110, 125, 150. [130. 
Carboniferous, primary source of brine at Humboldt 
Carlton peak, 315, 338. 
Carlton county, chapter on, 1. 
Situation and area, 1. 
Surface features, 1. 
Natural drainage, 1. 
Topography, 1. 
Valley of the St. Louis river, 2. 
_ Nemadji valley, 2. 
Old outlets of lake Superior, 3. 
Elevations, 3. 
Soil and timber, 5. 
Geological structure, 6. 
The Thomson slates, 7. 
St. Louis valley, geology of, 8. 
Dalles of the St. Louis, map of, 10. 
Puckwunge (Potsdam) conglomerate, 13. 
Late Keweenawan or Manitou eruptives, 15, 
Western sandstone, 15. 
Hinckley sandstone, 16. 
Drift, 17. 
Glacial marks, 17. 
Glacial gouges, 18. 
Earliest outlet of lake Superior basin, 18. 
Brick clay at Wrenshall, 21. 
Kames, 21. 
Springs, sulphur, chalybeate, 22. 
Economic resources, 22. 
Roofing slate, 22. 
Brick clay, 22. 
Pyritiferous quartz, 23. 
Graphite, 23. 
Nuggets of metallic copper, 23. 
Rock samples, 24. 
Carlton plate, chapter on, 550. 
St. Louis river, channels, 550. 
Thomson slates—their probable age, 551. 
Dip of the Thomson slates, 553. 
Calcareous nodules, 554. 
Effect of dynamic action on Thomson slates, 557. 
Special structures in the slates, 558, 
Conglomeratic aspects of Thomson slates, 564. 
Curious boulder, 565. 
Cass county (and part of Crow Wing), chapter on, 55. 
Situation and area, 55. 
Surface features, 56. 
Natural drainage, 56. 
Lakes, 56. 
Topography, 58. 
Leaf Hills moraine, 58. 
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Itasca moraine, 59. 
Elevations, 60. 
Soil and timber, 64. 
Geological structure, 65. 
Archean and Taconic rocks, 60. 
Diabase dike, 67. 
Cretaceous beds, 68. 
Glacial and modified drift, 69. 
Kames, eskers, and plateaus, 72. 
Modified drift plains, 74. 
Kettle-holes and lake basins, 75. 
Chains of lakes, 76. 
Ice-formed ridges on lake shores, 77. 
Alluvium, 78. 
Material resources, 78. 
Forestry, 78. . 
Agriculture, 79. 
Water- powers, 79. 
Springs and wells, 80. 
Cass county, northwest portion, chapter on, 92. 
Location and area, 92. 
Surface features, 93, 
Topography, 93. 
Elevations, 94. 
Drainage and streams, 94. 
Lakes, 95. 
Geologic features, 96. 
Later deposits, 96. 
Moraines, 96. 
Economic features, 97. 
Vegetation, 97. 
Water-powers, 97. 
Cass Lake moraine, 97. 
Chains of lakes, 76, 87. 
Chandler mine, methods at, 592. 
Cheadle’s iron Iccation, Disappointment lake, 273, 303. 
Chester peak, 522. 
Cincinnati mine, 378. 
Clastics and iron ores, 278. 
Clay flats of the Agassiz basin, 111, 126. 
Clearwater lake, 401. 
Cloquet, structures in the slates, 553, 558. 
Coal, Itasca county, 208. 
Conglomeratic aspects of the Thomson slates, 564. 
Conglomerate: Ogishke Muncie, 282; Puckwunge, 1n 
Carlton county, 14; Keewatin at Jackfish bay, 200; 
Cretaceous, 376; at Snowbank lake, 279, 424; in 
jaspilyte, 279; base of the Upper Keewatia, 2(0 2005 
Puckwunge, Mountain Lake plate, 499; Stuntz, 520. 


Cook county, chapter on, 313. 
Situation and area, 313. 
Surface features, 313. 

Natural drainage, 313. 
Lakes, 314. 
Topography; 314. 
Elevations, 318. 
Soil and timber, 320. 
Geological structure, 320. 
Archean, 321. 
Animikie, « 3 ; 
Keweenawan, 320. 
Cabotian. 320. 
Puckwunge coP 


nitou, . 
ae Superior ghore, 327. 


glomerate, 327 
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Drift, 336. 

Glacial striez and lakes, 337 

Lake Omimi, 337. 

Abandoned beaches, 338, 

Carlton peak, 338. 

Poplar river, 338. 

Good Harbor bay, 339, 

Grand Marais, 339, 

Kimball's creek, 340. 

Horseshoe bay, 340. 

Double bay, 341. 

Grand Portage, 341. 

Mount Josephine, 342. 

Wauswaugoning bay, 342. 

Birch island, 343. 

Pigeon point, 343. 

Pigeon river, 343. ° 
Material resources, 343, 

Timber, 343. 

Iron ore, 343. 

Geological map, 344. 

Water powers, 344. 

Rock samples, 345. 

Copper implements, 54. 

Copper, nuggets, 23, 500; traces in Beltrami county, 
155; pyrites, 208, 520. 

Cormorant island, 138. 

Coutchiching schists, 176, 179, 199, 258, 366, 524, 541, 
552. 

Cretaceous: Carlton county, 16, 20; Aitkin county, 
37, 46; Cass and Crow Wing counties, 68; Beltrami 
county, 150; Itasca county, 183, 208; Pokegama 
plate, 348; Grand. Rapids plate, 354; Mountain Iron 
plate, 368; Virginia plate, 376. 

Crushing of iron ores, 595. 

Crystalline schists: Itasca county, 176; St. Louis 
county, 237, 247, 258; Lake county, 272, 282; at 
Vermilion lake, 539. 


Dalles of the St. Louis, map, 10. 

Dams, artificial for lumbering, 51; for reservoirs, 80. 

Deep well at Short Line Park, 567. 

Diabase: dikes, 36, 67, 195, 201, 294, 418, 432, 459, 479, 
503, 524, 539, 573; flows, 215, 308, 327, 519; sills, 476, 
487, 493, 498: massive, of the Lower Keewatin, 271, 
274, 276, 424; Beaver Bay, 213, 299, 572. 

Dip of the Thomson slates, 553. 

Disappointment lake, comglomerate, 284; relations and 
age of the iron at Cheadle’s, 303. 

Double bay, terrace topography, 341. 

Drift: Carlton county, 16; glacial, Aitkin county, Ji, 
40; Cass and Crow Wing counties, 58, 69, 74: 
Hubbard and Cass counties, 87, 96; Norman and 
Polk counties, 105; Beltrami county, 142, 145, 16); 
Itasca county, 169, 183, 185; St. Louis county, 217, 
222, 231; Cook-county, 336; Pokegama plate, 346; 
Mountain Iron plate, 369; Gabbro Lake plate, 400; 
Snowbank Lake plate, 421; Fraser Lake plate, 437; 
Akeley Lake plate, 464; Gunflint Lake plate, 484; 
Rove Lake plate, 493; Mountain Lake plate, 4%. 

Duluth mine, 379. (229. 

Duluth, Missabe and Northern railroad, elevations, 

Duluth and Iron Range railroad, elevations, 228. 

Duluth, Mississippi River and Northern railroad, 
elevations, 32, 171, 230. 
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Duluth and Winnipeg railroad, elevations, 4, 136, 170. 
Duluth plate, chapter on, 566. 
Fond du Lac sandstone, 567. , 
Short Line Park deep well, 567. 
Age of Fond du Lac sandstone, 571. 
Gabbro, 571. 
Beaver Bay diabase, 572. 
Cabotian at Duluth, 575. 
Dunka River plate, chapter on, 390. 
Oldest iron mining corporation, work of, 390. 
The Archean rocks, 390. 
Pokegama quartzyte, 391. 
Section of the iron-bearing rocks, 391. 
Data of drill holes, 392. 
Calcareous and black slate beds, 395. 
Gabbro, 396. 
Rock samples, 398. 


East Twin peak, 452. 

Effect of dynamic action on the Thomson slates, 557. 

Elevations above the sea: Carlton county, 3; Aitkin, 
32; Cass and Crow Wing, 60; Norman and Polk, 
101; Marshal], Roseau and Kittson, 121; Beltrami, 
136; Itasca, 170, 194; St. Louis, 228; Lake, 267; 
Cook, 318; Mississippi and Crow Wing rivers, 62; 
Fraser Lake plate, 436. 

Ely, method of mining, 592. 

Erosion, by the Mississippi in Aitkin county, 31; 
absence of at the outlet of Vermilion lake, 523. 

Eskers, 72, 164. 

Eveleth, mines, 380. 

Exploitation of ores, 588, * 


Fahlbands, 207. 
Fall lake, greenstones and Jaspilytes, 409. 
Fayal mine, 381. 
Feldspathic vein in doleryte, 261. 
Feldspar masses in diabase, 299, 309, 
Fergus Falls moraine, 40. (444. 
Field relations of the granite of Kekequabic lake, 294, 
Fine-grained gabbro, 458, 477. 
Fish and game in Beltrami county, 154. 
Fissile slates of the Animikie, 507. 
Fissure veins in Rainy Lake region, 206. 
Fluor granite, 323. 
Fond du Lac sandstone, relation to the Manitou traps, 
nO7; age, O71. 
Forestry, 78. 
Fossils, Cretaceous, Mesabi range, 376. 
Fraser lake, 456. 
Fraser Lake plate, chapter on, 454. 
Situation and area, 434. 
Surface features, 434. 
Topography, 434. 
Elevations, 436. 
Drainage, 436. 
Drift. 437. 
Geological structure, 438. 
Archean, 438. 
Slate formation, 439. 
Argillyte, 440. 
Graywacke, 440. 
Grit, 440. 
Green schist, 440. 
Volcanic tuff, 441. 
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Greenstone, 442, 
Conglomerate, 442, 
Granite, 442, 
Parallel] structures, 443, 
Field relations of the granite, 444 
Origin of the granite, 446. 
Kekequabic lake, 448, 
Mount Northrop, 450. 
South of Ogishke Muncie lake, 451. 
East and West Twin peaks, 452. 
South of Kekequabic lake, 4533. 
Relation of different parts of the Archean, 454. 
Animikie, 456. 
rabimichigama lake, 457. 
Keweenawan, 457. 
Gabbro, 457. 
Granite, 458. 
Gabbro contact rocks, 459. 
Diabase dikes, 459. 
Economic resources, 460. 
Geological map, 461. 
Rock samples, 461. 


Gabbro Lake plate, chapter on, 399. 
Situation and area, 399. 
Surface features, 399. 
Topography, 399. 
Drainage, 400. 
Drift, 400. 
Geological structure, 400. 
Archean, 400. 
Pickerel lake, 401. 
Clearwater lake, 401. 
South branch of the Kawishiwi river, 402. 
North branch of the Kawishiwi river, 402. 
Small lakes, 407. 
Greenstones and jaspilyte, 408. 
Kawasachong falls, 408. 
Garden lake, 411. 
Quartz-porphyry, 413. 
Mica and quartz magnetite schists, 414. 
Granite, 416. 
Animikie, 417. 
Keweenawan, 418. 
Diabase dikes, 418. 
Economic resources, 418. 
Iron ore, 418. 
Rock samples. 419. 

Gabbro, its characters at Herman. 213; in St. Louis 
county, 265; in Lake county, 297; its date, 298; 
relation to inuscovadyte, 302; in Cook county, 325; 
near Allen Junction, 389; contact on the Animikie, 
396, 456, 476, 515, 575; contact on the Archean, 302, 
397, 459, 477; dikes on Pigeon point, 503: and Beaver 
Bay diabase at Short Line Park, 572. 

Gabimichigama lake, 453, 462, 470. 

Game and fish, 50, 78, 91, 154. 

Garden lake, greenstones and schists, 411; magnetite, 
412. 

Geology island, in Farm lake, 414. 

Genoa mine, 381. 

Giant's range, as a topographic feature, 231, 355, 462; 
composition, 262. 366. 


Glacial deposits, 85, 103, 123, 142, 183, 201. See also 


under Drift and Till. 
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Glacial marks: Carlton county, 17; Beltrami county, 
146; Itasca, 183, 201; St. Louis, 232; Cook, 336; 
Fraser lake, 437. 

Gneiss: Rainy lake, 236; Vermilion river, 242; Pelican 
lake, 243; Burntside lake, 248; Birch lake, 259; 
Snowbank lake, 293; Vermilion lake, 541. 

Gold, veins, 203; mine, 192; in Carlton county, 23; 
Beltrami county, 155; Rainy lake, 192; near Ely, 
258; Good Harbor bay, 339. 

Granite: Aitkin county, 36; Itasca, 174; Lake, 285; 
Kekequabic lake, 204, 442; Kawishiwi river, 416; 
Snowbank lake, 430; of Keweenawan age, 458, 479; 
Vermilion lake, 541. 

Granites and the Archean revolution, 538. 

Granitic rocks, 316, 350, 356. 

Grand Marais, erosion and beaches, 339. 

Grand Portage, beaches, 341; trail, 04; graywacke, 505° 

Graphite; Carlton county, 23; Pigeon point, 520. 

Gravelly knolls and plateaus, Aitkin county, 43. 

Gravel ore, Lone Jack mine, 376. 

Graywacke slate, of the Animikie, 324; Grand Port- 
age, 05; at Kekequabic lake, 440; at Gunflint lake, 
487; of the Upper Keewatin, 525. 

Great Northern railroad, elevations, 4, 32, 60, 94, 101, 
121, 136. 

Greenwackes, 545. | 

Green schists, 440; about Garden lake, 411. 

Greenstones, the oldest rocks, 253, 455, 544; at Ely, 
255; in Lake county, 270, 276; and iron ores, 274, 
408, 422; Virginia plate, 373; Fraser Lake plate, 442: 
at Akeley lake, 466; Vermilion lake, 544; frazmental 
distinguished from igneous, 277. 

Twin peaks, 452. 

Grit, 440. 

Gunflint Lake plate, chapter on, 481. 

Situation and area, 481. 
Surface features, 481. 
Topography, 481. 
Drainage, 483. 
Drift, 484. 
Geological structure, 484. 
Animikie, 480. 
Taconyte, iron-bearing member, 486. 
Black slate member, 486. 
Gray wacke slate member, 487. 
Diabase sills, 487. 
Keweenawap, 488. 
Gabbro, 489. 
Economic resources, 490. 
Geological maps, 490. 


Hay meadows, Beltrami county, 154. 
Hemlock, in Carlton county, 6. 
Hematite, 191, 368, 378, 490. See, also, iron ores. 
Herman beach, 105, 122, 149. [358. 
Hibbing plate of the Mesabi Iron range, chapter on, 
Situation, 308. 
Geological structure, 358. 
Animikie, 309. 
Rock samples, 359, 361. 
Iron-bearing rocks, 359-364. 
Analysis of rocks, 362. 
Origin of the Mesabi ores, 364. 
Hill River moraine, 115, 143, 146, 149. 
Hinckley sandstone, Carlton county, 16. 


History of iron mining in Minnesota, 583. 
History (geological) of Beltrami county, 150, 
Marshall, Roseau and Kittson counties, 127, 
Norman and Polk counties, 113. 
Hubbard and Cass counties, 88. 
Horseshoe bay, beaches, 340. 
Humboldt salt well, 128. 
Hubbard county, chapter on, 82. 
Location and area, 82. 
Surface features, 83. 
Topography, 83. 
Lakes, 83. 
Drainage, 84. 
Geological features, 84. 
Glacial deposits, 85. 
Till, 85. 
Boulders, 85. 
Moraines, 86. 
Stratified or modified drift, 87. 
Probable origin of the chain of lakes, 87. 
Probable glacial history, 88. 
Recent deposits, 90. 
Economic features, 91. 
Wells, 91. 
Vegetation, 91. 
Timber, 92. 
Water-powers, 92. 


Ice ridges, on lake shores, 49, 77, 90. 

Igneous rocks of the Keewatin, Lake county, 285; St. 
Louis, 253; Kawishiwi river, 402; Fall lake, 409; 
Garden lake, 411; Snowbank lake, 424; Akeley lake, 
469; Vermilion lake, 546. 

Iron-bearing rocks: Animikie, 19), 263, 348, 353, 356, 
358, 365, 375, 387, 390, 391, 456, 471, 486. Keewatin, 
155, 191, 222, 278, 2e5 (muscovadyte), 313, 408, 412, 
418, 422, 432, 533, 546. 

Iron ores: Analyses, 353, 585; methods of exploitation, 
588; transportation, 596; market prices, 600; Ver- 
milion Range mines, 601; Mesabi Range mines, 602; 
total of shipments, 603; future of iron in Minnesota, 
607; State ownership and royalties, 608; references 
to literature, 613. 

Iron, manufacture at home, 609. 

Iron mining, chapter on, 581. 

Itasca moraine, 7!, 96, 144, 151, 1&5, 355. 

Itasca county, chapter on, 166. 

Situation and area, 166. 
Surface features, 166. 
Natural drainage, 166. 
Lakes, 167. 
Importance of rivers and lakes, 168. 
Topography, 168. 
Drift district, 169. 
Lake-bed district, 170. 
Rocky Lake district, 170. 
Elevations, 170. 
Soil and timber, 172. 
Geological structure, 174. 
Archean, 174. 
Granitic rocks, 174. 
Coutchiching, 176. 
Keewatin, 178. 
Post-Archean dikes, 179. 
Animikie, 180. 
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Pokegama quartzyte, 181. 
Taconyte or iron-bearing rocks, 282. 
Cretaceous, 182. 
Glacial deposits, 183. 
Glacial striz, 184. 
Moraines, 185. 
Modified drift, 186. 
Glacial lake Agassiz, 186. 
Post-glacial deposits, 190. 
Material resources, 190. 
Water-powers, 190. 
Clays, 101. 
Mica, 191. 
Gold, 191. 
Iron, 191. 
Rock samples, 192. 
Rainy Lake gold region, 192. 
General features and geology, 193. 
Location, 193. 
Topography, 193. 
Lakes, 194. 
Altitude, 194. 
Geology, 195. 
Laurentian, 195. 
Coutchiching, 199. 
Keewatin, 199. 
Diabase dikes, 201. 
Glacial deposits, 201. 
Geological history, 202. 
Gold veins and individual properties, 203. 
Segregated veins, 203. 
Little American mine, 205. 
Big American mine, 206. 
Fissure veins, 206, 
Fahlbands, 207. 
Lyle mine, 207. 
Treatment of Rainy Lake ores, 208. 
Other resources, 208. 
Useful minerals, 208. 
Timber, 209. 
Agriculture, 209. 
Water-powers, 210. 


Jadis beach, 125, 150. 

Jasper lake, 281]. 

Jaspilyte, and iron ore, 155, 191, 222, 278, 285 (mus- 
covadyte), 313, 408, 412, 418, 422, 432, 533, 546. 

Josephine, mount, 315, 342, 511. 

Julia, lake, 133. 


Kames, 144, 164, 235, 337, 493. 

Kaolin, 191, 364. 

Kawasachong falls, profile, 409. 

Kawishiwi river, 281, 286, 402. 

Kawishiwin, 271, 273, 546. 

Keewatin: Itasca county, 178, 199, 208; St. Louis 
county, 253,255; Lake county, 274, 285, 295; Cook 
county, 321; Snowbank lake, 423; Nomenclature, 
546, 552. 

Kekequabic lake, porphyry, 288, 445; granite, 294, 
442; special description, 448. 

“ Keratose sponge,” Thomson slates, 551, 553. 

Kettle holes and lake basins, 75. 

Kettle River sandstone, 16. 

Keweenawan: Carlton county, 13, 15; Lake county, 


295, 297; Cook county, 325; Gabbro lake, 418; Snow- 
bank lake, 431; Fraser lake, 457; Akeley lake, 476; 
Gunflint lake, 488; Rove lake, 494; Mountain lake, 
498; Pigeon point, 511; Short Line Park, 567; 
Duluth, 575. : 

Kimball's creek beaches, 340. 

Kittson county, description of, 120. 

Knife falls, 9; graphite, 23; structures of the slates, 
553, 557. 

Koochiching falls, 176, 190, 210, 232. 


Lacustrine deposits, 90, 123, 148, 221. 
Lake county, chapter on, 266. 
Situation and area, 266. 
Topography, 266. 
Elevations, 267. 
Geological formations, 270. 

Lower Keewatin, 270. 
Upper Keewatin, 271. 
Metamorphism of the Keewatin, 272. 
Greenstones and iron ores, 274. 
Evident clastics and iron ores, 278. 
Ogishke conglomerate, 279. 
Mica schists, 282. 
Muscovadyte and iron ores, 285. 
Igneous rocks of the Keewatin, 285. 
Granite and igneous gneiss, 285. 
Bassimenan Lake granite, 286. 
Granite of White Iron lake, 286. 
Granite and porphyry of Snowbank lake, 287. 
Snowbank Lake geology, map of, 293. 
Kekequabic lake, granite of, 294. 
Later dikes of diabase, 294. 


Taconic, 295. (297. 
Gabbro and other igneous rocks of the Animikie, 
Cabotian, 297. 
Manitou, 297. 


Date of the gabbro, 298. 

Peculiarities of the gabbro, 299. 
Anorthosyte knobs near Beaver bay, 300. 
Gabbro on muscovado fragments, 303. 

The red rock, 304. s 
Relations of the red rock and gabbro, 305. 
Manitou series, 307. 

The lake shore in Lake county, 308... 

Rock samples, 312. 

Lake Agassiz, 46, 98, 146, 152, 156, 186, 233. 

Lake Aitkin (glacial), 46. 

Lake bed district, Itasca county, 170. 

Lake shore, Lake county, 308; Cook county, 327; St. 
Louis county, 215. (See plates FF and GG.) 

Lake Ketihi moraine, 144, 150. 

Lake Omimi (glacial), 521. 

Lake Nemad)ji (glacial), 20. 

Lake St. Louis (glacial), 20. 

Lake Superior, elevation, 266. 

Lakes: Aitkin county, 26; Cass and Crow Wing 
counties, 56; Hubbard and Cass counties, 83-95; 
Norman and Polk counties, 99; Beltrami county, 
167; Itasca county, 168; of the boundary, 241, 314; 
elevations of, in Lake county, 267; in Cook county, 
318. 

Laurentian, Itasca county, 174, 195. 

Lavas: Cabotian, at Duluth, 215; St. Louis county, 
265; Lake county, 297; Pigeon point, 519; at Duluth, 
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567, 575; Manitou in Carlton county, 14; dikes at 
Duluth, 216; Lake county, 297, 307; Cook county, 
327; Pigeon point, 519; Short Line Park, 575. 

Lawson, A.C.: Lacustrine deposits in lake Agassiz, 
189; section in Rainy Lake region, 202: source of 
metalliferous veins, 205; agriculture of the Rainy 
River valley, 209; abandoned beaches of lake Supe- 
rior, 219, 315; conglomerate cut by granite, 323; 
Saganaga lake, 323; the Coutchiching, 541. 

Leaf Hills moraine, 42, 58, 70, 76, 185. 

Lignite, 45, 69, 208. 

Limestone in the Animikie, 376; in the Thomson slates 
as limy segregations, 653. 

Little American mine, 192, 203, 205. 

Long lake, 251. 

Lower Cambrian, age of the Animikie, iron-bearing 
rocks, 2633. 

Lower Keewatin, 175, 270, 274, 321, 414, 422, 455, 524, 
544, 548. 

Lyle mine, 207. 


Magnetite, 378, 412, 432, 456, 490. 

Mahoning mine, 364. 

Manitou series of traps: Carlton county, 14; dikes 
at Duluth, 216; detinition of, 297; Lake county, 307; 
Cook county, 327: Pigeon point, 519; Short Line 
Park, 575. 

Market prices of iron ore, 600. (117. 

Marshall, Roseau and Kittson counties, chapter on, 
Surface features, 117. | 
Situation and area of Marshall county, 117. 

Drainage of Marshall county, 118. 
Situation and area of Roseau county, 119. 
Situation and area of Kittson county, 120. 
Drainage of Kittson county, 120. 
Elevations, 121. 
Geological features, 122. 
Glacial deposits, 122. 
Moraines, J22. 
Lacustrine deposits, 123. 
Beaches, 123. 
Cappbell beach, 123. 
McCauleyville beach, 125 
Bouldery strips, 126. 
Clay flats, 126. 
Alluvial deposits, 126. 
Geological] history, 127. 
Economic features, }27. 
Timber, 127. 
Wells, 127. 
Humboldt salt well, 128. 

McCauleyville beach, 106, 110, 129. 

McKinley mine, 379. 

Mesabi Iron range, Itasca county, 191; St. Louis 
county.263; Lake county, 296, Mountain Iron plate, 
365; Hibbing, 358: Swan lake, 353; Grand Rapids, 
350; Pokegama lake, 316: Virginia, 370; Partridge 
river, 383: Dunka river, 390; Gabbro lake, 399; Dis- 
appointment lake, 431; Fraser lake, 456; Akeley 
lake, 470; Gunflint lake, 486; mines, 602; method of 
mining, 594. 

Mesabi moraine, 143, 186, 355. 

Metamorphism, 272, 469. 

Methods of mining, 589. 

Mica schist, Carlton county, 12; Itasca county, 175, 
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199; St. Louis county, 238, 248, 261; Lake county, 
282; White Iron lake, 414; Snowbank lake, 422. 

Milling system on the Mesabi range, 594. 

Mining economically considered, 58}. 

Minnesota iron mining, chapter on, 581]. 

Location of mines, 583. 
History of mining, 583. 
Quality of ores, 584. 
Analyses of iron ores, 585. 
Gogebic range, 585. 
Menominee range, 585. 
Marquette range, 586, 
Methods of exploitation, 588. 
Mining, 588. 
Soudan method, 589. 
Chandler method, 592. 
Milling system on the Mesabi range, 594. 
Crushing, 595. 
Data concerning crushers, 596. 
Transportation, 596. 
Market prices of iron ores, 600. 
Vermilion Range mines, 601. 
Mesabi Range mines, 602. 
’ Total of shipments, 603. 
Future of iron mining in Minnesota, 607. 
Life of present mines, 607, 
State ownership and royalties, 608. 
Iron and steel manufacture at home, 609. 
Comparative costs here with elsewhere, 609. 
References to literature, 613. 

Mines and mining properties: Mesabi Chief, 191, 
356; Arcturus, 191; Little American, 205: Big 
American, 206; Lyle, 207; at Hibbing, 359; Mahon- 
ing, 364; Mountain Iron, 367; Rathbun, 367; Snively, 
367; Lone Jack, 376; Biwabik, 377; Cincinnati, 
378; Duluth, 379; McKinley, 379; Virginia group, 379; 
Norman, 380; Adams, 390; Auburn, 380; Fayal, 
381; at Soudan, 589, 601; at Ely, 592, 601; State 
mines, 608. 

Mississippi and Northern railroad, elevations, 61. 

Mississippi river, source, 135; in Hubbard and Cass 
counties, 94; elevations, 171. 

Modified drift plains, Cass and Crow Wing counties, 
74; Hubbard and Cass counties, 87, 96; Norman 
and Polk counties, 105; Beltrami county, 145; Itasca 
county, 186. 

Moose lake, Lake county, 2&1. 

Moraines, terminal, Aitkin county, 40: Carlton county, 
2; Cass and Crow Wing counties, 08, 70; Hubbard 
and Cass counties, 86, 96; Norman and Polk counties, 
104, 114; Marshall, Roseau and Kittson counties, 
122: Beltrami county, 142; Itasca county, 185; St. 
Louis county, 2:2; Cook county, 336. 

Mounds, aboriginal, 51. 

Mount Josephine, 342. 

Mount Northrop, 450. 

Mountain Iron mine, 367. 

Mount Reunion, 492. 

Mountain Iron plate, chapter on, 366. 

First important discovery of iron ore, 365. 
Geological structure, 365. 

The crystalline rocks, 366. 

Pokegama quartzyte, 366. 

Taconyte, 367. 

Mountain Iron mine, 367. 
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Black slates, 368. 
Cretaceous beds, 368. 
Drift, 369. 
Rock samples, 369. 
Mountain Lake plate, chapter on, 496. 
Situation and area, 496. 
Surface features, 496. 
Topography, 496. 
Drift, 497. 
Geological structure, 497. 
Animikie, 497. 
Keweenawan, 498. 
Economic resources, 499. 
Rock samples, 501. 
Muscovadyte, 270, 245, 302, 398, 470, 478. 
Muskeg, 120, 122, 148. 


Nemadji valley, 2, 6. 
Nemadji lake (glacial), 20. 
Nickel ore, 344, 490. 
Nomenclature (Kawishiwin), 546. 
Non-conformity, Upper Keewatin on the Lower, 25], 
253, 257, 271, 278, 321, 532. 
Non-conformity of the Animikie on the Archean, 181, 
263, 295, 323, B47, 352, 366. 
Non-conformity of the Potsdam (Keweenawan clas- 
tics) on the Animikie, 13, 325, 327, 517, 570. 
Northern Pacific railroad, elevations, 4, 32, 60, 103. 
Norman mine, 330. 
Norman and Polk counties, chapter on, 98. 
Situation and area, 98. 
Surface features, 98. 
Topography of Norman county, 98. 
Drainage of Norman county, 98. 
Lakes, 99. 
Topography of Polk county, 99. 
Drainage of Polk county, 99. 
Lakes and marshes of Polk county, 100. 
Altitudes, 101. 
Geological features, 103. 
Deposits of the Glacial epoch, 103. 
Till, 104. 
Moraines, 104. 
Modified drift, 105. 
Beaches, 106. 
Campbell beach, 110. 
McCauleyville beach, 110. 
Bouldery stretches, 110. 
Clay flats, 111. 
Recent formations, 111. 
Economic features, 111. 
Vegetation, 11]. 
Water-powers, 112. 
Artesian wells, 112. 
Geological history, 113. 
Quaternary history, 114. 
Formation of the Wild Rice moraine, 115. 
Stage of the Hill River moraine, 115. 
Nuggets of metallic copper, 23. 


Ogishke conglomerate. 279, 526, 538. 
Ogishke Muncie lake, 282, 451. 
Oliver mine, 379. 

Olivinitic iron ore, 397. 

Ore, analyses, 353, 354, 480, 585. 
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Ore, qualities of, 584. 

Ore, transportation, 596. 

Ore, market prices, 600. 

Origin of chains of lakes, 87. 
of the ore at Disappointment lake, 304. 
of the ore of the Mesabi range, 359, 546. 
of granite, 288, 294, 446, 515. 
of the Stuntz conglomerate, 528. 

Osars, 72, 144. 

[195. 

Paleozoic, Beltrami county, 141, 150; Itasca county, 

Palisades (Great), 311. 

Parallel structures, 443, 558. 

Partridge falls, 508. [383. 

Partridge River plate, Mesabi Iron range, chapter on, 
First exploration and discovery of iron ore, 38'3. 

The Archean granite, 383. 
The Keewatin, 384. 
The quartzyte and taconyte, 387. 
Black slates, 388. 
Gabbro, 338. 
Rock samples, 338. 

Pebbles of the igneous conglomerate, St. Louis valley, 
15; of the Puckwunge conglomerate, 518; of the 
Ogishke conglomerate, 252, 279, 292, 530. 

Peculiarities of the gabbro, 298. 

Pegmatyte, 191, 208. 

Pewabic quartzyte, 181, 398. 

Pickerel lake, 401. 

Pigeon point, 343. 

Pigeon Point plate, chapter on, 502. 

Situation and area, 502. 
Topography, 503. 
Grand Portage trail, 504. 

Geological structure, 506. 
Animikie, 506. 
Surface eruptives, 506. 
Erosion interval, 506. 
Diabase, 506. 
Fissile slates, 507. 
Partridge falls, 508. 
Pigeon River falls, 508. 
Wauswaugoning quartzyte, 503. 
Grand Portage graywacke, 510. 
Cabotian rocks, 511. 
Mount Josephine, 511. 
Red rock, 515. 
Puckwunge conglomerate, 517. 
Manitou traps, 519. 
Mineral veins, 520. 
Lake Omimi, 5°21. 

Pigeon River falls, 508. 

Pigeon river, shore action, 343. 

Pine: Aitkin county, 34, 50; Cass and Crow Wing 
counties, 78; Hubbard and Cass counties, 87, 91, 
92, 97; Norman and Polk counties, 111; Roseau 
county, 127; Beltrami county, 153, 156; Itasca county, 
172, 209, 251; Cook county, 320, 460, 503. 

Pine lake, Ogishke conglomerate, 280. 

Pitted plains, 145. [186. 

Plateaus of modified drift, 43, 72, 74, 87, 96, 105, 145, 

Pleistocene changes of level, 218. 

Pokegama quartzyte, 181, 324, 347, 351, 356, 366, 375, 
378, 391, 398. 

Poplar river, 338. 
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Post-Archean dikes, 179. Topography, 420 
Porphyrel, 280, 281. Drainage 421 i 
Porphyry of the Lower Keewatin, 251, 291, 403, 413, Drift, 421. 
429, 538. Geological structure, 422. 

of the Upper Keewatin, 287, 429. Archean, the, 422. 

of the Taconic, 509, 516, 576. Mica schists, 422. 
Post-glacial deposits, 90, 190. Greenstone and jaspilyte, 422. 
Prices of iron ore, 600. Keewatin in general, 423. 


Quartz-porphyry, 429. 
Granite, 43. 

Structure of the Archean, 431. 
Animikie, 431. 

Keweenawan, 431. 

Diabase dikes, 432. 

Economic resources, 432. 

Soil and timber: Carlton county, 5; Aitkin county 
33; Cass and Crow Wing counties, 64, 78; Kittson 
county, 127; Itasca county, 172, 210; Cook county, 

Soudan, method of mining, 589. [320. 

Source of the pebbles of the Stuntz conglomerate, 537. 


Sparta mine, 3931. 


Pseudo-igneous rocks, 535. 
Puckwunge conglomerate, 14, 297, 307, 325, 517. 


Qualities of the iron ores, 584. 

Quartz-porphyry. See Porphyry. 

(Juaternary history: Norman and Polk counties, 114; 
Marshall, Roseau and Kittson counties, 127; Bel- 
trami county, 151. 

Quartzyte: Aitkin county, 36; Pokegama, 181, 321, 
347, 351, 356, 366, 375, 378, 387, 391, 398: Pewaubic, 
398, 470; Wauswaugoning, 508. 

Quartz conglomerate: St. Louis valley, 14. 


Springs: Carlton county, 22; Cass and Crow Wing 
counties, 80; salt, 128; ice-cold, 497. 
Spruce, 148, 209, 460, 479. 
St. Louis county, chapter on southern portion, 212. 
General description, 212. 
Geological formations, 212. 
Gabbro and Beaver Bay diabase, 213. 
Cabotian surface lavas, 215. 
The Manitou, 216. 
Drift, 217. 
Pleistocene changes of level of lake Superior, 218. 
West Duluth gabbro, 219. 
Terraces in Duluth, 220. 
Beaches in Duluth, 221. 
Lacustrine clays, 221. 
St. Louis county, chapter on north part, 222. 
Topography and general features, 2-2. 
Special description by townships, 222. 
Elevations, 228. 
Yeneral topographic divisions and drift, 231. 
Terraced gravels, 230. 
Kames, 235. 
Geological structure, 235. 
Rainy and Kabetogama lakes, 236. 
Schist, 237. 
CGneiss and mica schist cut by granite, 232. 
Namekan lake, 241. 
Sand Points lake, 211. 
Crane lake, 241. 
Vermilion river, 241. 
Little Vermilion lake and Loon river, 212. 


Rainy lake, 176; Gold region, 192, 236. 
Red lake, general description, 155. 
Red Lake falls, 106, 112. 
Red Lake moraine, 142, 152. 
Red rock, relation to gabbro, 304; Little Portage, 515; 
New London, 576. 
Relation of the different parts of the Archean, 474. 
Résumé of the Archean, 499. 
Rocky Lake district, 170. 
Roseau county, description, 119. 
Route to Cass lake, 163. 
Rove Lake plate, chapter on, 491. 
Situation and area, 491. 
Surface features, 491. 
Topography, 491. 
Drainage, 492. 
Drift, 493. 
Geological structure, 493. 
Animikie, 493. 
Keweenawap, 494. 
Rock samples, 495. 


Saganaga granite, 322, 467; conglomerate, 282. 

Salt well, Humboldt, 128. 

Saturday lake, Ogishke conglomerate, 280. 

Schoolcraft River moraine, 96. 

Section: Mille Lacs beach, 48; Humboldt salt well, 
12%; drift in Beltrami county, 142; Summit ridge, 
in Beltrami county, 150; on Pike creek, 163; across 
Mesgabi Iron range, 181; at Rainy lake, 195, 202; 
segregated vein,204; beaches at Duluth,219; in the 


oldest rocks of the Archean, 292; at Prairie river, Loon lake, 242. 
352; in the taconyte, 356: Mountain Iron, 367: iron- Lac la Croix, 242. 
bearing rocks, Dunka river, 391; magnetic slates, Iron lake, 242. 
Akeley lake, 472; in gabbro, Short Line Park, 572; Crooked lake, 243. 
Keweenawapn, Short Line Park, 567; at Duluth, Net lake, 243. 
578, Pelican lake, 213. 
Short Line Park deep well, 567. Elbow lake and river, 246. 
Silver mining, 499, 520. Burntside lake, 246. 
Slate, rooting, 22; Thomson, 8, 551, 538. Trout lake, 249. 
Snowbank lake, granite, 285; porphyry, 288, 293. Long lake, 25). 
Snowbank Lake plate, chapter on, 420. Vermilion lake, 283. (255. 
Situation and area, 420. Region between Vermilion and White Iron lakes, 


Surface features, 420. Quartz-porphyry at Ely, 254. 


SCIENTIFIC INDEX. 


Greenstones at Ely, 255. 
West end of Long lake, 257. 
Auriferous quartz veins, 258. 
From green schists to granite, 258. 
White Iron lake, 259. 
Birch lake and vicinity, 259. 
Gsiant’s range, 262, 
lron bearing rocks, 263. 
Mesabi rane, 264. 
Gabbro, 265. 
Surface lavas, 265. 
Rock samples, 265. 
St. Louis River valley, 2, 8,19: ancient channels, 3, 530. 
St. Paul and Duluth railroad, elevations, 3, 574. 
Stuntz conglomerate, 2x2, 52%, 
Sugar maple, 153, 503. 
Superior, lake, old outlet, 3, 550; altitude, 220. 
Swamps (Beltrami county), 147. See Muskeg. 
Swan Lake plate, chapter on, 355. 
Situation and area, 355. 
Surface features, 355. 
Moraine, 355. 
Geolovical structure, 356. 
Animikie, 356. 
Pokeyama quartzyte, 356. 
Taconyte or iron-bearing member, 356. 
(reological structure, description of, 357. 
Rock samples, 357. 
Syenyte, three ty pes of granite, 260. 
Syenyte lake, 306, 


Taconic, 65, 195, 202, 263, 266, 295. 

Taconyte: Itasca county, 162: Cook county, 324; 
Pokeyama Lake plate, 348; Grand Rapids, 353: 
Swan lake, 356; Hibbing, 360: Virginia, 374, 378; 
Partridge river. 387; Dunka river, 301; Akeley lake, 
471: Crunthnt lake, 486. 

Terminal moraines: Aitkin county, 39; Cass and 
Crow Wing counties. 70: Beltrami county, 144; 
Itasca county, 185; St. Louis county, 232: Cook 
county, 336: Pokegama plate, 346: Mountain Iron, 
369; Gabbro lake, 400; Mountain lake, 497. fete. 

Terraces, 147,486,235. See beaches, ancient channels, 

Thomas lake, 456. 

Thomson slates, 7, 212: age, 551: dip, 553: effect of 
dynamic action, 5567; special structures, 558; con- 
glomeratic, 564. 

Till, 20. 34, 38, 64, 69, 85, 104, 122, 142, 162, 201, 223, 355. 

Timber: Carlton county, 6, 22; Aitkin county, 33, 50: 
Cass and Crow Wing eounties, 64, 78: Hubbard 
and Class counties, 92; Norman and Polk counties, 
111: Marshall, Roseau) and Kittson counties, 127; 
Beltrami county, 152; Itasca county, 172, 209: Cook 
county, 820, 343; Gunflint Lake plate, 490; Pigeon 
point, 503. 

Titaniferous magnetite, 490. 

Topography: Carlton county, 1; Aitkin county, 30; 
Cass and Crow Wing counties, 58: Hubbard and 
Cass counties, 63, 93; Norman county, 9&8; Polk 
county, 99: Beltrami county, 131; Itasca county, 
168, 193; St. Louis county, 213, 223, 231; Lake 
county, 266; Cook county, 314: Gabbro lake, 399; 
Snowbank lake, 420; Fraser lake, 434; Akeley 
lake, 462; Gunflint lake, 480; Rove lake, 491; Moun- 
tain lake, 496; Pigeon point, 503; Vermilion lake, 522. 
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Transportation of iron ores, 596. 
Trout lake, 251. 
Turtle Lake moraine, 144, 151. 
Twin peak, 436. 


Unclassified Keewatin, 467. 

Upper Cambrian, 16. (533, 548, 552. 
Upper Keewatin, 252, 271, 274, 321, 422, 456, 468, 524, 
“Upper Keweenawan,” 297. 

Upper Silurian, Lake of the Woods, 141. 


Valley of the Kettle river, 12; St. Louis river, 2, 19; 
Nemadji, 2: earliest outlet of lake Superior, 18. 
Vermilion lake, 253, 288; Bashitanequeb’s map, 523. 
Vermilion Lake plate, chapter on, 522. 
Location and outline map, 523. 
Topography, 522. 
Geological structure, 524. 
Archean, 524. 
Dikes, 524. 
Upper Keewatin, 625. 
Stuntz conglomerate, 528. 
Various nature of the stones, 530. 
Nonconformity on the iron formation, 532. 
Conglomerate varies laterally, 534. 
Pseudo igneous rocks, 535, [erate, 537. 
Source of the pebbles of the Stuntz conglom- 
Granites and the Archean revolution, 538. 
Coutchiching, 541. 
Lower Keewatin, 544. 
Nomenclature, 546. 
Iron ores of the Vermilion range, 546. 
Vermilion iron range, 191, 546; mines, 601. 
Vermilion moraine, 186, 232. 
Virginia mines, 379. (370. 
Virginia plate of the Mesabi iron range, chapter on, 
(seological structure, 370. 
Archean, 370. 
Subdivisions of Archean, 371. 
Animikie, 374. 
Pokegama quartzyte, 375. 
Limestone, 376. 
Cretaceous, 376. 
Principal mines, 377. 
Biwabik mine, 377. 
Cincinnati mine, 378. 
Duluth mine, 379. 
McKinley mine, 379. 
Virginia mines, 379. 
Oliver mine, 379. 
Rock samples, 3&2. 
Volcanic tuff, 256, 441. 


Norman mine, 380. 
Adams mine, 30. 
Fayal mine, 381. 
Genoa mine, 381. 
Sparta mine, 381. 
Auburn mine, 38]. 


Water-powers, 79, 92, 97, 112, 154, 190, 344. 
Watershed, Aitkin county, 31; Gunflint lake, 483. 
Wauswaugoning bay, 342. 

Wauswaugoning quartzyte, 508. 

Wells, 80, 91, 112, 127, 128, 567. 

Western sandstone, 15. 

West Twin peak, 436, 452. 

White Iron lake, 259, 2x5, 286. 

Wild Rice moraine, 115, 143, 151. 


Zeta lake, 281, 288. 


HRRATA. 


Page 29, third line from the bottom, for “1.43,” read 1:43. 


Page 67, under the tigure the scale should read twelve feet to an inch. 


Page 123, tenth line, for “ townships,” read sections. 
Page 185, ninth line of small pica, for “southwest,” read southeast. 
Page 527, tifteenth line from the bottom, for “a matrix,” read the matrix. 
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